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I, Carl G. Hellerqvist, PhD., do hereby declare: 

1. I am an expert in the field of the invention. My qualifications are of record on 
the U.S. Patent Application Serial Number 09/776,865, filed February 2, 2001, (hereinafter 
referred to as "the present application"), 

2. I am a sole named inventor on the present application, I am femiliar with the 
Office Actions mailed by the United States Patent and Trademark Office in the present 
application on My 16, 2003 and July 26, 2004, the Final Office Action mailed by the United 
States Patent and Trademark Office on February 24, 2005* and the Non-Final Office Action 
mailed September 6, 2005. 

3. As one of ordinary skill in the art in the field of the invention, I declare that, in 
the field of tumor angiogenesis studies, observations in appropriately selected mouse models 
reasonably correlate with the observations in other mammals, such as humans. Mouse 
animal models used in the examples of the present application are selected so that they are 
reasonably correlating with human pathological angiogenesis for the purpose of 
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demonstration of the ability of Group B B-hemolytic Streptococci ("GBS") toxin receptors or 
immunogenic fragments thereof to attenuate pathologicaJ angiogenesis, in particular, the 
pathological ongiogcncsis associated with cancer in a mammal, including a human. This is 
because the methods disclosed and claimed in the present application affect homologous 
targets in pathological vasculature, common to the animals and the humans* 

4. 1 discovered that Group B Streptococcal toxin, GBS toxin/CMlQl is an agent 
that induced respiratory distress in human neonates by binding to neonatal vasculature, I did 
so by using a sheep model because GBS is a sheep pathogen. The damage induced by GBS 
to sheep lung vasculature correlated with damage to human neonatal lung vasculature. See, 
for example, the present application, p. 5, Hues 5-26; Fu et cd. f Clin. Cancer Research, v. 7» 
pp. 4182-41^4 (2001; of record in the present application) and references cited therein on p. 
4182, second column. Similarly to human neonates, mice neonates are susceptible to GBS 
infections. Madoff et aL, J. Clin. Invest, v. 94, pp. 286-292, (1994; Exhibit A). 
Accordingly, GBS-induced damage in neonatal mouse lung vasculature is expected to 
correlate with the damage in neonatal humans. While not wishing to be bound by the 
following hypothesis, I suggest that tumors originate from cells reverting back towards an 
embryonic stage. Therefore, tumor-iecruited vasculature in humans and mice may also have 
neonatal characteristics, such as GBS binding. Applicants generated antibodies to GBS 
toxin/CMlOl and showed by immunohistochemistry that CM10I bound to human and 
mouse tumor vasculature but not to normal vasculature in humans, mice. See, for example, 
Yan et al, y Angiogenesis, 2: 219-233 (1998;Exhibit B); Wamil et at. J. Can. Res. Clin. 
Oncol., v. 123, pp. 173*179 (1997; Exhibit C). Thus, mouse and human tumor vasculature 
possess similar GBS toxin-binding markers. 

5. I used a nude mouse model implanted with a human carcinoma of the breast in 
order to conduct preclinical studies of the cancer-attenuating properties of CM 101. Infusing 
CM101 every other day for twenty -one days lead to a 60% decrease in tumor volume. See> 
for example, US Patent No. 5,010,062 (Example 2; Exhibit D). I demonstrated that CM101 
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induced a Complement C3 activated cytokine driven inflammatory response targeting the 
tumor vasculature. See, for example, Yan et al, (1998 Exhibit B). 

The above results from the mouse models correlated with the results of clinical testing 
ia human patients. Patients responded to catalytic amounts of GBS toxin/CMTOl with a 
complement activated cytokine driven inflammatory response that targeted the tumor 
vasculature and induced pain at the sites of tumors. See, for example, Wamii et al, (1997 
Exhibit C); DeVore et al 3 J. Clin Can. Res. v. 3 y pp. 365-372 (1997; Exhibit E). The 
observations of induced inflammation, breakdown of immunoprivilege in the tumor, and 
tumor cell apoptosis in human patients were confirmed in a mouse model See YakeS et a/„ 
Cancer Research v. 60, pp. 5740-5746 (2000; Exhibit F). Thus, I demonstrated the 
correlation of the effects of GBS toxin administration in mouse cancer models and human 
cancer patients. 

6. By cloning and identifying HP59, the target protein for GBS toxin/CMlOl , in 
humans and sheep, and by immunohistochernical studies in mice, I showed the existence of a 
conserved molecular marker for neonatal and pathologic vasculature in mammals. See Fu et 
al (2001). 1 also showed thatHP59 is present in the tumor vasculature independently of site 
and type. See Table 1 in Fu et at. To my knowledge, all antibodies generated to the human 
and sheep HP59 analogue cross-react with pathologic vasculature in mice rats and pigs. 
Thus, HP59 is a target in pathologic vasculature which is common to humans, mice rats and 
pigs. 

7. I showed in Fu et al. (2001) and in the present application that immunization 
with HP59 and Sp55 peptides attenuated tumor growth in a mouse animal model by 
inhibiting pathoangiogenesis and vasculogcncsis. The HP59 derived vaccines are able to 
inhibit pathologic angiogenesis and to generate a cellular immune response. I further 
demonstrated that the immunized mice that survived repeated intravenous melanoma 
injections developed a cellular immune response to the vascular target, This immune 
response led to attenuation of the pathologic angiogenesis. White blood cells (WBC) were 
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isolated from the tumor resistant mice or control mice and infused in naive mice carrying 
Lewis lung tumor or melanoma in a cutaneous window model. WBC from control mice had 
no effect on the naive mice, whereas administration of WBC from the tumor-challenged 
immunized mice to model animals attenuated pathological vasculature in the model animals. 
See Figure 1 - Exhibit G. HP59 target i s unique to pathologic vasculature and common to 
the pathologic vasculature of at least humans, sheep and mice. Thus, I identified HP59 as a 
target for attenuating cancer-associated pathologic angiogenesis in various mammals. 

8. 1 declare that the publications cited by the Examiner in the last Office Action 
predominancy deal with the limitation* of mouse models for predicting clinical outcomes 
during development of drugs targeting varioos tumor-specific targets, and not 
treatments directed at pathological yasculature-specfflc targets. For example, Wang m 
aL (2001) deals with anticancer vaccines against tumor-specific antigens. Accordingly, the 
cited publications are not relevant to the methods and compositions of the present 
application. 

Genetic and phenotypical diversity of the tumor tissues makes it difficult to target 
rumor-specific targets. ..This genetic and phenotypical diversity of the tumor tissues 
negatively influences the correlation between mouse models and humans when tumor targets 
are affected. See, for example, Axelson et a/., Sewi*. Cell. Dev. Biol v. 16, 554-63 (200S; 
Exhibit G): 

"Histopathological examination of solid tumors frequently reveals 
pronounced tumor cell heterogeneity with regards to cell organization, cell 
morphology, cell Size, nuclei morphology, etc. Analyses of gene expression 
pS ^^unmunohistochemistry or in situ hybridization techniques further 
SmZiek the actual presence of phenotypk heterogeneity, often 
dTmon^ting substantial diversity within a given tumor. The molecular 
mechatu^underlying the phenotypic heterogeneity are very complex with 
genetic, epigenetic and environmental components." 
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Abstract 

Group B streptococcal Direction is a major caise of neonatal 
nrarnutty. Antibody to the capsular pofysacduHde protects 
against invasive neonatal disease, bat immanbatiOn With cap- 
sular polysficcfaarlnes falls to eficit protective antibody In many 
recipients* Conjugation of ^polysaccharide to tetanus toxoid 
has been shown to Increase nnnranfc response to the polysac- 
charide. In animal models, C protetasof gro^B rfi^itococd 
are also protective determinants. We fftamineri the ability of 
me beta C protein to serve in the dual rate oT carrier for the 
polysaccharide and protective imgranogen. Type in polysac- 
charide was covatarlly coupled to beta C protein by reductive 
BMunaotHii Immunization of rabbits with me polyraccharide- 
protem conjogate elicited high titers of antibody to both com- 
ponents, and the serum Induced opeonaphagDcytic killing of 
type m, la/C, and Ib/C strains of group B streptococci. Fe- 
male mice were hnmunixed wilh the conjugate vaccine and 
then bred; 9$% of neonatal pops bom to these dams vocd- 
natfd with conjugate survived type m group B streptococcal 
challenge and 76% survived type la/C challenge, compared 
with 3% and 8% survival, respectively, In controls (P < 
0.001). The beta C protein acted as an effective carrier for 
the type III polysaccharide while simoltaiieoiclyindnciiig pro* 
tecttve nfimmri ty n gftfoi* * beta C protein— containing strains of 
group B streptococci. (X CSn, Invest, i&i. 94386-2&1) Key 
words; 5tap*o«>«wasa^^ 

bacterial • kttmuturv, maternally acquired * streptococcal in- 
fections ■ carrier proteins 

Introduction 

Recent epidemiologic data confirm that group B streptococci 
(GBS) 1 remain the lending cause of serious neonatal infection 
( 1 ) . The rates of mortality and severe neurologic sequelae thai 
result from this pathogen are imacceptably high, despite contin- 
ued sensitivity to antibiotics and improved recognition and ther- 
apy. Each year in the U.S., several thousand infants become 
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seriously infected with this pathogen, and ft is estimated mat 
15% succumb. In addition, the importance of GBS infections 
in adults has increasingly been recognized; casts in adults now 
account for fully half of invasive GBS disease I m mi mi rati on 
has been proposed as a strategy for the prevention of GBS 
infection (2). The capsular polysaccharides of the most preva- 
lent serotypes causing disease have been the most widdy ex- 
plored antigens for this purpose (3, 4). While the polysaccha- 
rides alone arc not sufficiently mmninogenic to elicit protective 
antibodies in some recipients, gtycoconjugatc vaccines with the 
type-specific polysaccharides covalendy linked to tetanus tox- 
oid (TT) have shown high rates of protective immunization in 
experimental Mimals (5-10). Human dials of vaccines based 
on capsular polysaccbaride-TT conjugates are now under way. 
Four capsular porysaccharides (serotypes la, lb. II. and TO) 
currently predominate among GBS strains causing invasive dis- 
e^Thef^c^tobehighly^cctivc, this type of GBS vaccine 
will need to be multivalent, containing each of the prevalent 
capsular serotypes. The widespread use of TT as both a vaccine 
and a carrier protein m conjugate vaccines may have drawbacks, 
including uncosnfiortable local reactions to immunization and 
suppression of responses to the hapten (11, 12). Thus, we wish 
to explore the use of alternative carrier proteins* which them- 
selves may elicit protective inunumty to GBS. 

C proteins are surface-expressed antigens of GBS that also 
elicit protective immunity in experimental animals (13. 14). 
Although the alpha and beta C proteins are rarely found in type 
m steams of GBS, one or both of these antigens are expressed 
inmost strains of other serotypes (15, 16). We and others have 
shown that both alpha and beta C proteins are protective anti- 
gens for GBS in experimental animals (17-19)- In addition to 
its capacity to elicit protective antibody, the beta C protein is 
known to bind human IgA to the surface of GBS (20, 21). 
Active immunization with the beta C protein in female mice 
protects their offspring front lethal infection with strains that 
express this antigen (22). A glycoconjugate vaccine composed 
of the type ID polysaccharide and C proteins could, in theory, 
protect against infection with the vast majority of GBS strains. 
If the C protein could act as both protective irnmunogen and 
carrier for the polysaccharide, ii would obviate the need for TT 
as a carrier. However! little is known about the ability of the 
carrier proceifi in a glycocon jugate vaccine to elicit protective 
antibody responses. In this paper wc describe the synthesis of 
a grycoconjugate vaccine composed of the beta C protein and 
the type UJ capsular polysaccharide. We demonstrate the ability 
of the vaccine to stimulate immune responses to both compo- 
nents and, via maternal ixiimunization, to protect neonatal mice 
from lethal challenge with more than one serotype of GBS. 

Methods 

Bacterial strains. Strains were from the collection of the Churning 
Laboratory or w*rc clinical isolates from hospitals associated with the 
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Table I Group B Streptococcal Serotype, Strain, and C Protem 



Phenotype 



pOtyMHllPride 


Strain 


C pro 
Alpha 


Beta 




la 








09) 




A909 


+ 


+ 


(13) 


lb 


H36B 


+ 




(13) 




S40 


+ 


+ 


(16) 




S42 






(16, this paper) 




7357b 






(22) 


n 


I8RS21 






(13) 


m 


M781 






(25) 




S23 






(16) 



Baylor College of Medicine (generously provided by Dr. Carol J. Baker, 
Baylor College of Medicine, Houston, TX) and have been previously 
described (16). The serocypes of these strains arc shown In Table L 

Bent C protein. The beta C protein was generously provided by Dr. 
Milan Blake (Rockefeller University. New York) and wan produced by 
extraction into SDS from serotype Ib/C GBS strain H36B5. purified by 
gel filtration chromatography as described previously (20) . Purity whs 
assessed by observation of a single 130-fcD bend on rilvef -Stained SD&- 
polyacrylamide gel. 

Oxidation of GBS type til polysaccharide Type m GBS capsular 
polysaccharide (< 200,000 W,) was purified ft™ GBS strain M7B1 as 
previously described (5). Aldehydes wot fanned on GBS type III 
polysaccharide by the con version of a portion of the aide chain sialic 
add residues by limited oxidation with use of sodium periodale as 
described previously (5, 23)- Briefly. 8.1 mg of purified GBS type m 
polysaccharide, possessing - 8 pmoles of sialic acid, was wenbined 
with 2 pinoles of trcshly prepared sodium m-ittriodaie (Sigma Chemical 
Co., SL Louis. MO) in a total volume of 0.5 ml of water. The nrknire 
waa mcnbaled'at room tcmpciHtiirc for 90 rnm in the dark. After Incuba- 
tion, excess periodaxe was consumed by the addition of ethylene glycol. 
Confirmation of the extent of oxidation was obtained by gas chromaiog- 
faphy-rnass spirometry (GC-MS) of timemylsflyl derivatives (5). 
The mixture waa placed in dialysis tubing (Spactropor #1; Spectrum 
Medical Industries, Inc., U» Angeles, CA) and dialyzed at 4°C against 
a total of 8 liters of water. The dialyzed sample was filtered (0.45 Jim) 
and dried by ly^hilimdon. 

Conju&riion of GBS type III polysaccharide to GBS beta C protein. 
Oxidized type III polysaccharide (53 mg) was ccnimned with 5 mg Of 
beta C protein in a total volume of 0.5 ml of phosphate buffered saline* 
pH 9.0-9.5, Sodium cyanoborohydride (33 mg) was added and the 
mix ture incubated at room temperature in the dark. To insure complete 
coupling an additional 12 mg of sodium cyarwborohydride was added 
to the mixture after 6 d of incubation. The pH of the reaction was 
monitored by spotting a 2-nJ aliquot onto pH paper and maintained nl 
9.0*9.5 by the addition of 0.1 N NaOH. Conjugatsoo failed 10 0CCU7 
when the pH was not maintained above 8.0. The progress of the conjuga- 
tion was monitored by gel filtration chromatography of samples as de- 
scribed previously (9 )- The conjugation was determined to be complete 
when the magnitude of the protein peak occurring at the void volume 
(indicative of a high-Af, complex) of a Supenwc 6 column (Pharmacia 
Fine Chemicals, Piscataway, NJ ) remained constant. After 7 d of Incuba- 
tion, the conjugate vaccine was separated fiom uncoupled components 
with use of an S-300 HR (Pharmacia Fine Chemicals) gel filtration 
column (2.6 X 91.5 cm). Practions that eluted in the void volume were 
collected, and uncoupled aldehyde groups on the polysaccharide were 
reduced by the addition of ~ 2 mg of sodium borobydride. The reduction 
reaction was allowed to proceed for 1 h ai room temperature. The GBS 



type m poh/sacclaride-beta C protein conjugate (m-0) was dialyzed 
at 4"C against a total of 16 liters of water and dried by lyor*ilizadon. 

Biochemical analysis ojlU-fr vaccine. The caAobydrate and protein 
content of the m-0 vaccine were deterrrnned as previously described 
(6, 10). 

fmmunoblotting. Analysis of the vaccine was performed by western 
blotting, as previously described, with monoclonal antibody 3E7 specific 
for the beta C protein (16), rabbit antiserum raised to type m polysac- 
charide conjugated to TT (5), or human myeloma IgA, (graciously 
provided by Dr. Andrew Wright Tufts Umversity, Boston) (16). 

Immunogemcity of [JI-P vaccine in rabbits. Hie immune response 
to the m-0 vaccine was evaluated in rabbits. Two New Zealand White 
female rabbits (Millbrook Farms, Amherst, MA) each weighing 2-3 
kg were immunized subcuiarieOUSly with 50 /ig of TH-0 vaccine emulsi- 
fied with complete fteund's adjuvant ma total volume of 1.0 ml. Booster 
doses of vaccine mixed with incomplete Freund'a adjuvant were admin- 
istered by the same route 21 and 41 d after tt» primary dose- A second 
set of three rabbits were iTmnuoized with unconpled beta C protein with 
use of the same route, adjuvant and schedule as with the conjugate 
vaccine, Serum was collected on days 0, 21, 41, 55. and 72. Animals 
received food and water ad libitum. 

ELISA. Antibodies to the type Efl GBS polysaccharide and to the 
beta C protein were measured by ELISA as described previously (5, 
72). The titers were determined by serial twofold dilution (from a 
starting dilution of 1:3,200) as the greatest dilution with Aim fe °.2 
after 30 mm of developmenL 

EUSA inhibition. Relative binding affinities of antibodies to beta C 
protein in sera prepared to purified beta C protein, tidier alone or as 
part Of the conjugate vaccine, were assessed by inhibition of EUSA 
reacdvity. Purified beta C protein at concentrations ranging from 5 to 
3,000 ng/ral was used to inhibit the binding of the and sera (anti-beta 
C protein diluxed 1 :4COJQCD and rmti-ID>0 diluted 1:200,000 to achieve 
similar ELISA reacdvity) to plates coated with purified beta antigen. 
The absocbance values were plotted against k>g, a of beta C protein 
concentration to generate inhibition curves. 

Similarity of epitope expression of pirrified protein cither alone or 
as part of a conjugate vaccine was assessed by detenninjqg their relative 
abilities to compete with (he beta C protein expressed on intact GBS 
for binding to antiserum raised to the beta C protein. ELISA plates were 
coated with type Ib/C GBS strain 7357b as previously described (22). 
ELISA was performed with antiserum to the purified protein (diluted 
1:100,000) incubated with either the IB>0 conjugate or the beta C 
protein ranging in protein concentration from 0.05 to 5 jig/mL 

Relative binding affinities of the beta C protein and the Ul-fi conju- 
gate for human IgAi was measured by inhibition of binding of IgAi U> 
ELISA plates coated with beta C protein as follows: Dl-0 conjugate 
and unconjugated beta C protein were aerially diluted twofold from a 
Starting protein concentration of ZO jig /ml and pretneubated with ad 
equal volume of human myeloma IgAi (1.0 p% in 50 ul) for 1 h at 
room tetripeiwnre. The mUnire (100 jd) was transferred to ELISA 
ptoses coated with beta C protein (200 ng/well) and incubated ai room 
tenrperatnre for 1 h. After washing, goat and-human IgA conjugated 
to alkafine phosphatase (Tago, mc„ Burungame, CA). diluted 1:1000. 
was added to the ELISA wells and incubated at 37*C for 1 h. 

The plates ware washed and developed with commercial substrate 
(Sigma Chemical Co.). Percentage mhibicoo was calculated as [(A« 
without inhibitor-A«i With inhibitor)/A,» without inhibitor] X 100. 
The point of 50* inhibition was determined graphically. 

Opsonaphagocyhc assay. The functional capacity of antibodies to 
C proteins of GBS was assessed by an opwnophQgDcyiiC assay (24) 
measuring in vitro lolling of GBS. In brief, a 300^1 volume of human 
polymorphoruiclear leukocytes (~3 x 10* cells) was mixed with the 
test GBS strain 1-5 X 10* CPU), 50 fd erf tinman wavm (prepared 
for use as a complement source by absorption on ice for 30 min with 
GBS of homologous serotype), and 100 p\ of antibody diluted 1:100. 
Pooled rabbit antiscra lo GBS type-specific poly saccharides conjugated 
to TT were used as the reference sera (5, 8, 10). ELISA titers of 
these antisera to the homologous polysaccharides were as follows: la: 

2B7 
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200,000; lb: 100,000; II: 100,000, Ht 64,000. Viable CBS celb were 
enumerated as 10-fbld dilutions on blood agar plates Immediately and 
after a 60- mio incubation at 37°C, and the difference was calculated as 
killing. The assay was repeated in the absence of antibody. The result 
is reported as the "log kill," which is (he difference between killing 
with and Without antibody for St least two determinations per strain. 

Neonatal mouse protection. A neonatal mouse model of GBS infec- 
tion was used to assess the protective efficacy of active imimnuzation 
with the type ID potywwbaridis^bctji C {Motrin conjugate (m-0) vaccine 
(25). Female CD-I mice 8 wfc of Age (Charles River Laboratories, 
Wilmington, MA) were vaccinated utraperitoaealry with two 20-f*g 
doses of m-0 with and without alum (Afliydrogcl, final cooccntrarian 
1*5950 AS adjuvant at 21-d intervala. Control dams received 10 fig of 
beta C protein alone or 2 type III polysaccbafide-tetanus toxoid 
conjugate <m-TT) with alum by the same route and schedule. Mice 
were bred immediately after lTnTmini Autifwi ^nd neonatal mouse pup£ 
(born ~ 4 wk later) were challenged with a beta C protein-posbive 
strain of GBS (A909, Ia/C alpba+, beta+) or with a type UX grain 
(M781 type III C protein-negative). Pupa were challenged with an 
inoculum of each strain lethal for 80-90% of ooaimmuae pups of tbe 
same age (5 X \Q* CFU Of GBS strain A909 and 5 X lQ fi CFU of 
strain M7&1) within 48 h of birth, the challenge dose was admhtiacred 
iiuiapeolnoeally with a tubertulin syringe Via a 27-gaiige needle ill a 
total of 0.05 ml of Todd-Hewin broth. The number of pops due survived 
CBS infection was assessed 46 a after challenge and survival data 
compared using Fisher's exact IcsL 

Results 

Conjugation of CBS type III polysaccharide with GBS beta C 
protein. 47% of sialic acid residues on tbe type m polysaccha- 
ride were oxidized to C8 derivatives (5-a«aaiiiklo-3,5-dkleozy- 
r>i^acto$yloctu]o9oiiic acid) by Ueauucjit with sodium pcr- 
iodato as determined by GC-MS analysis of trtoetbylsilyl deriv- 
atives of the. penodaifc-trealed polysaccharide. The recovery of 
oxidized type ID polysaccharide was 6.6 rug or 81%. Conjuga- 
tion of type m polysaccharide with beta C protein resulted in 
the formation of a high-M r ( > 1 x 10 6 ) polymer. The recovery 
of type Ill-beta C protein conjugate (HJ-/J) vaccine was 33 mg 
or 3796. The lH-£ vaccine was composed by weight of 44% 
protein and 56% carbohydrate. Further confirmation of conjuga- 
tion was demonstrated by imnnmoblot with antiserum to type 
III pory saccharide and monoclonal antibody 3E7 to beta C pro- 
tein (not shown) . By irnmunoblot reactivity, the M w of the con- 
jugate vaccine was > 200,000 and uncoupled protean was not 
detected. 

hnmunogenicity offfl-p vaccine in rabbits. Rabbits immu- 
nized with TH-0 conjugate developed ELISA antibody titers of 
> 100,000 against the type m poly saccharide and > 400,000 
against the beta C protein (Table II). Rabbits immunized with 
unconjugated beta C protein had beta-specific ELLSA titers ex- 
ceeding 600,000. As expected the beta C protein did not elicit 
antibodies to the type TH polysaccharide. 

Epitope expression on beta C protein in conjugate vaccine. 
EUSA inhibition experiments were performed to assess the 
expression of epitopes on tbe beta C protein within the conjugate 
vaccine. EUSA plates were coated with purified beta C protein 
and tewed against antiscra raised to either the beta C protein ox 
the JSX-/3 conjugate. Inhibition of antibody binding was achieved 
with increasing concentration of beta C protein prxmevbated 
with diluted antiscra. These inhibition curves were used to esti- 
mate tbe relative' overall binding affinity to uncoupled beta C 
protein of antibodies in these two sera. The concentrations of 
beta C protein required to inhibit 50% of binding were similar: 

2Q8 Modcffi Pooledi, Toi and Kasper 



220 MB/ml for anti-beta C protein (uncoupled) and 175 /*g/ 
ml for anti-m-0. 

To compare tbe antigenicity of the beta C protein alone and 
coupled to the type m polysaccharide with that of the antigen 
as presented on intact bacteria, an ELISA inhibition experiment 
was performed with ELISA plates coated with intact beta-C- 
protein -positive GBS. The competitive binding curves for the 
two antigens were essentially identical (not shown). Normal- 
ized for beta C protein content, die extenuation required to 
inhibit 50% of binding was 1.15 pg/ml for tbe beta C protein 
and 0.92 fig/ ad for the ID-/? conjugate, thus demonstrating that 
conjugation with polysaccharide did not after irnporUuit beta 
antigenic epitopes In the conjugate. 

IgA binding. IgA binding to the conjugate appear* markedly 
diminished compared with the native protein On the imrnu- 
noblot, even when five times the amount of conjugate was ap- 
plied tome gel (Fig. I). The r^otxm-p^lysaccMde conjugate 
had a higher Af r than the unconjugated protein, barely entering 
the rurming gel. In the ELISA mHbition experiments (Fig. 2), 
50% inhibition of IgA| bin ding occurred at a coricontration of 
3 /ig/ml of uncoupled beta C protein and > 90% inhibition 
occurred at 25 ^/rnl, whereas less man 60% inhibition of IgA 
binding could be achieved by the conjugate at 200 jig/ml (=100 
pg/ml beta C protein), tbe highest concentration tested. 

Opsanaphagocytosis of CBS strains by serum raised to the 
ITI-0 vaccine. Antiserum raised to the m-0 conjugate vaccine 
Induced killing by human polymorphonuclear leukocytes 
(PMNs) in the opsonophagocytic assay against strains express- 
ing either the beta C protein or the type ID capsular rx)rysaccha~ 
ride (Table HI). The log reduction in CFU (minus the log 
reduction in CFU in the absence of antiserum) was comparable 
to thai induced by antiserum raised to the TH-TT vaccine. Strains 
that expressed neither the type HI «p«nar pory saccharide nor 
the beta C protein (Le», 515 serotype Ia/C alpha+ beta-, and 
18R521 serotype n) were not rendered susceptible to phago- 
cytic killing by the Ul-f3 conjugate vaccine-induced antiserum. 
One strain, S42 was previously reported to be beta C protein 
negative (16) bat exhibited a high level of opsonophagocytic 
killing with the anti-m-0 serum On reexanunarion of the strain 
S42 with monoclonal antibody to beta (3E7) by western blot, 
tins strain was found, in fact, to express low levels of the beta 
C protein. 

Neonatal mouse protection by uwrwnization with ffl-0 vac- 
cine. Active xmmujifearion with ni-0 vaccine greatly enhanced 
survival of mice challenged either with type Ia/C (alpha+, 
beta+) strain A909 or with type m strain M781 (Table IV): 
93% of neonatal pups whose mothers were imirruwed with the 
Hi-/? vaccine survived intraperitoneal challenge wich type EOT 
GBS compared with 4% of those whose mothers were immu- 
nized with the beta C protein alone (F < 0.001) and 83% of 
those whose mothers were immunized with HI-IT (N5); 76% 
of neonatal mice whose mothers were irpmurnxed with me m- 
vaccine survived challenge with the Ia/C strain of GBS com- 
pared with 3% of those whose rnothers were irnniunized with 
m-TT (P < 0.001) and 62% of those whose mothers were 
iTnwmrrirad with beta C protein alone (NS)- While there was 
improved survival among the neonates of dams who received 
algm as an adjuvant with the vaccine, it was net statistically 
significant. Survival rates between litters within a test group 
were similar and each litter within a test group showed statisti- 
cally significant increase in survival compared with the heterol- 
ogous control (P < 0.02). 
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Table II. Antibody Response in Rabbits EUcUtd by Immunization with HhQ Conpyam Vaccine or with btxa C Protein Alone 
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Jeometric me*n EUSA liter 






ImmunQgeo 




Costing «migcn 


day 0 


21 




55 


72 


vaccine 
BcliC protein 


2 
3 


TOPS 

P C protein 

in PS 

0 C protein 


3200 
3200 
3200 
3200 


3200 
3200 
3200 
25600 


12800 
5)200 
3200 
204600 


102400 
144815 

3200 
409600 


144615 
409600 
3200 
650200 



EUSA titers were determined for each rabbit at each time point The seomccric mean EUSA titer is shown. Rabbits mimw^^ dihertite 
or the ben C protein developed bigh-titered antibody to beta. Those immunized with die beta C protein alow demonstrated high antibody 
diets to the beta C protein but not to type m polysaccharide. 



Discussion 

The optimal design of conjugate vaccines remains an important 
goal. Proce^n-polysaccharide conjugate vaccines have been for- 
mulated to use a carrier protein to augment the iramimogenlcity 
of the polysaccharide antigen- In theory, the immune response 
to the polysaccharide is rendered T cell dependent and thus 
immune responsiveness increases with repeated immumzation 
(26). The IgG response is enhanced, and the deration of immu- 
nity is prolonged. Previous vaccine formiilations have generally 
used a carrier protein irrelevant to the primary disease for which 
the vaccine is designed. The currently available vaccines for 
Haemophilus influenzae type b (Hib), for example, use XT, 
diphtheria toxoid, or outer membrane protein of Neisseria men- 
ingitidis as carrier proteins ( 27 ) . 

The use of a Limited number of carrier proteins for a growing 
number of conjugate vaccines has potential disadvantages. For 
example, the history of rmmunization to the carrier protein may 
affect me response to the polysaccharide antigen after nttflnini- 
zation with a conjugate vaccine ( 1 1, 26, 29 ) . Recent immuniza- 
tion with TT appears to diminish the immune response to the 



Figure Imfnunobloi of 
beta C protein and group 
B streptococcal type £DE 
polysaccharide— beta C 
protein conjugate probed 
with human IgA t at 10 
jjg/niL Goat antiserum to 
— 1 1 6K qummi labeled with 
1 ' orx alkaline phosphatase di- 
luted 1:1,000 n used as 
the secondary antibody. 
Lane I contains the un- 
conjugated beta C pro- 
yiQif icin (1 pg)\ Lane 2 cqtv- 
wins 2 ^g; and bme 3 
contains 10 pg of the 
grycocemju gale. Lane 4 
contain* 10 /ig type m 
polysaccharide— tetanus 
Kwoid conjugate (5) SS a 
control. The inummoblot 
demonstrates reduction 
.-' , 1 >\ a"* '»> in binding to IgA after 

_ conjugation and increase. 

12 3^ in JW r after conjugation. 



Hib polysaccharide in a Hib-TT conjugate (12). Repealed im- 
munization with rhe same carrier protein may result in uncom- 
fortable local reactions, thereby diminishing the portability and 
perhaps the acceptance of these vaccines. 

In the case of GBS, at least four capsular polysaccharides 
(serotypes la, lb, II, and Hi) currently predominate among GBS 
strains causing invasive disease, therefore, a polysaccharide 
based GBS vaccine win need to be multivalent cortaining each 
of the prevalent capsular serotypes. In such a multivalent vac- 
cine, the quantity of TT required as a carrier may exceed the 
allowable amount for routine irnjpuiuaations. Also, the wide- 
spread use of TT as both a vaccine and a carrier protein in this 
and other polys accharidc-protcin conjugate vaccines may have 
drawbacks, including urcorrjfbrtablc local reactions to immuni- 
zation and suppression of responses to the hapten (11, 12). 

In contrast, the use of a protective antigen from the target 
organism may enhance the effectiveness of a conjugate vaccine 
by eliciting antibodies that are themselves protective. The pro- 




Inhibitor concentration u^B"* 1 ) 

Figure 2. EUSA inhibition of human IgA. binding to plates coated with 
beta C protein by beta C protein (o) or by m-beta conjugate <o ) 
(ncnnalwed for the beta C protein content of each). Points are mean 
cf two detcnnioatianE and Etundard deviation of the mean ia plotted. 
The curves demonstnitc a loss of IgA binding capacity by the conjugate 
compared with the native pro Icin. 
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Table IJL In Vitro Opsonophagocytic Kitting of GBS by Human 
Peripheral Blood leukocytes 




Rajorim bi GBS CPU (tag**) 


GBS 
urtln 


2felm C Hon*) logout 




Type la 
A909 
515 


4- 1.80 
1.57 


aos 


Type Hi 
H36B 
$40 
S42 


+ 0.80 
+ 0,50 
+ 0-82 


1.78 
118 
1.16 


Tyjwn 






18R521 


0.92 


-0.13 


Type in 

M781 
523 


0.69 
0.64 


1.06 
043 



Group B streptococci wot grown w mid-tog pfatte And incubatEd wim 
rabbit antiserum (1 % final concentration), human serem as a source of 
complement, and human polymorphonuclear leukocytes. Organisms 
were cmmMtnled by dilution on blood agar piaftes immediately and afiix 
60 nun. The result (mean of duplicate decennliiaa«n»> » e» prc Mca as 
rae logxo reduction in CFU. Rabbit anrisera to group B streptococcal 
typc-flpedfic polysaccharides covalenlfy conjugated to tetanus toxoid 
were used re the icfbrence *era (5, 8, 10). The expeno«ni denwistfate* 
that strains which express dther the type IE polyaacchflride or the beta 
C protein Ate rendered susceptible to taTltng by And-m-^ seruin. 



tective level of antibody elicited by the vaccine may increase 
if both antigens are present on the same pathogen. In addition* 
the carrier protein may expand the coverage of the vaccine to 
include organisms that possess a Afferent capsular polysaccha- 
ride. r 

Most vaccines currently under Study for the prevention of 
GBS infection are based on die capsular polysaccharide antigens 



(5, 7. 8, JO, 30). The most prevalent type-specific polysaccha- 
rides arc well characterized and have been shown to be critical 
targets for specific imtnumty in preventing neonatal GBS infec- 
tion (3,4, 31). These antigens have been safely used to immu- 
nize pregnant women, and cype-specific antibody has been 
shown to cross the placenta at levels protective to newborns (4) , 
Although the porysaccharides are themselves not adequately 
hnmw»e=nic in some recipients, conjugate vaccines composed 
of rype-specrfic r^lysaiwharide conjugated to tetanus toxoid 
have been shown to elicit protective antibodies in animal* and 
are currently in human trials (5, 8). 

In addition to the capsular polysaccharides, GBS possess 
protective surface protein antigens including the C proteins 
alpha and beta present mainly in non-cype HI strains ( 15, 1 6), 
the Rib protein present mainly in strains of capsular serotypes 
n and III (32), and the R proteins found in several capsular 
types (33, 34). We have chosen to study one of these surface 
proteins for its use as both carrier and raianinogen in a conjugate 
vaccine. The beta C protein elicits maternal antibodies that pro- 
tect neonatal mice from lethal challenge with GBS which ex- 
press the beta C protein (22). We now demonstrate mat the 
beta C protein can be covalendy coupled to the type TJI GBS 
porysaccharide through limited oxidation of polysaccharide sia- 
lic acid residues followed by reductive amirarioiL Conjugation 
by this method which is thought to occur mainly at lysine resi- 
dues of the protein component (35), may have been facilitated 
by the extremely lysine-rich nature of the beta C protein, which 
has 156 lysine residues out of 1.134 amino acids (36, 37). 
Conjugation of these two molecules required careful titration 
of pH because of the highly acidic nature of both the beta C 
protein and the type HI porysaccharide (36, 37). 

Immurization of rabbits with the HI-0 conjugate vaccine 
elicited high antibody tilers against the type HI polysaccharide, 
whereas the type m polysaccharide alone has been shown to 
be Donimmunogenic in rabbits (5). Thus, the beta C protein 
functions as an effective carrier protein in this vaccine presum- 
ably by aDowing the development of T cell-dependent immu- 
nity to the polysaccharide. The conjugate vaccine also elicited 
antibodies to beta C protein at titers comparable with those 
elicited by the beta C protein alone (22). Conjugate vaccine- 
mducedbetaC protein antibodies reacted with the beta C protein 



Table -TV. Neonatal Mouse Survival after Maternal Immunization with 111-0 Conjugate Vaccine and OtaIlen& with GBS 
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No. pups 




P nnnpttC*. wiOl 
tacrttogMii control 


f) C-prolein alone 
C-protein alone 
TTT-p vaccine 
vaccine 
JR-0 vaccine 
tH-P vaccine 
m-TT 

m-TT 


Ngne 
None 
None 
None 
Atom 
Alorn 
Alum 
Alum 


M781 (10) 
A9Q9 (WQ 
M7B1 CUT) 
A909 qvo 
M781 (TO) 
A909 (IVC) 
M781 (TXT) 
A909 (wq 


2 
2 
2 
2 
2 
2 
3 
3 


26 
29 
24 
23 
27 
25 
29 
37 


1 (4) 
IS (62) 
17 (70) 
15 (65) 
25 (93) 
19(76) 
24 (83) 

1 (3) 


< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0-001 



Ffemde mice were immunized with Ills agent shown. Nficemn.bnsd.fter taionmzattao «d their to whom p«p» (boir ^ 

^h90% ]etbal doses of tidier group Btt*ptoccec«l nnin A909 (type Ia/C. bet. positive) or M781 (type m, be* ae^Ove). Smvwel * «bw» 

eon^S wTlrcterotojoti, coSote (i.e, iimmmbxd with bet. C pro** ^cUUeesed with type m ?^ 

u3dL«] with ID-TT challenged with iJcbett positive Maternal tanuiiu^noo with the conjugate vaecme eedftmd ..gmficeni 

protection against neonatal cbaEcagc with both groop B streptococcal serotypes. 

29Q tfadaff, Paoletti. Tat, and Reaper 
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with similar relative binding affinities (as measured by ELISA 
inhibition) to that elicited by the beta C protein alone. In addi- 
tion, whether uncoupled or coupled to the polysaccharide, the 
beta C protein competed with beta C protein antigen on whole 
bacteria for binding to beta C protein -specific sera, thus demon- 
strating that conjugation to the polysaccharide did nt* alter 
important antigenic epitopes on the protein. The biological sig- 
nificance of the preserved antigenicity of the beta C protein 
after coupling is confirmed by the fact mat the antiserum to the 
conjugate is highly opsonic for strains expressing the beta C 
protein. It appears as if protective antigenic epitopes remained 
available to the immune system despite covalent linkage of the 
protein to the polysaccharide. 

Antibodies to both components of the Ul-0 conjugate w 
cine were shown to be functionally active in an opsonopbago- 
cytie assay. i,e., capable of mediating complement-dependent 
lolling of GBS by FMNs. Moreover, the rabbit antibodies in- 
duced killing of bom typo IH strains and strains of different 
capsular serotypes that expressed the beta C protein. Thus this 
is an example of a carrier protein extending the spectrum of 
coverage of a conjugate vaccine. 

In the neonatal mouse model of protection, active immuniza- 
tion of female mice with the vaccine protected the off- 
spring of the mice against challenge with either a type HI CBS 
strain or a la/C CBS strain. This result implies the generation 
of protective type-specific antibodies to both components and 
the transplacental passage of these antibodies to the pups. Levels 
of protection were comparable to those elicited by the beta C 
protein alone tor the IaVC strain and those elicited by the nl-TT 
conjugate vaccine. Whereas a UJ-TT vaccine construct provides 
protection against GBS type TJI serotypes, the ITJ-0 vaccine has 
expanded the coverage to include not only type HI GBS strains 
but other non-type m GBS serotypes as well. The use of alnm 
as an adjuvant did not alter the survival of pups significantly, 
although there was a trend toward greater survival among pups 
whose mothers received vaccine with adjuvant. Flora d at 
(38) showed that some parturient women colonized with GBS 
possess naturally occurring antibody to the beta C protein and 
that there was concordance between ELI&A liters of antibody 
in these women and their neonates suggesting transplacental 
passage of beta-specific antibody in humans. 

The beta C protein binds specifically to human IgA via a 
nonimmune mechanism (20). One theoretical drawback to the 
use of the beta C protein in a conjugate vaccine is the ability 
of the vaccine to bind to human IgA* consequences of 
this binding are not clear, and there are no unusual immune 
phenomena associated with infection with GBS strains thai ex- 
press these proteins (or other bacteria that express immunoglob- 
ulin binding proteins)- Conjugation to the polysaccharide ap- 
peared to diminish greatly the affinity of the protein for IgA 
binding. However, the immnnoblot of the conjugate to human 
IgA demonstrated some detectable binding, even after conjuga- 
tion. The diminution of binding may occur via steric interfer- 
ence with the IgA binding site, through partial denauiration of 
the protein, or by binding to lysine residues in or adjacent to 
the active site. It may be possible to eliminate this theoretical 
concern associated with use of the beta C protein by fully elimi- 
nating IgA binding through alteration of the nature of the conju- 
gation, for example, by increasing the percentage of sialic acid 
residues that are oxidized and thus increasing the degree of 
cross-linking in the glycoconjugate. Alternatively, the beta C 
protein could be modified, for example, by mutagenesis, to 



eliminate IgA binding. Finally non-IgA binding variants of me 
beta C protein have been described that, if fully immunogenic 
and protective, may represent alternative carrier proteins (39), 
Despite this alteration in functional activity, conjugation did 
not appear to alter antigenic or immunogenic properties of the 
protein. 

The beta C protein is found in - 40% of non-type m GBS 
clinical isolates (15). The alpha C protein, which ie also a 
protective determinant, is present in approximately half of all 
clinical isolates and in more than 90% of non-type IH isolates 
( 15 ) . Thus, a type m polysaccharide -alpha C protein conjugate 
vaccine would theoretically offer nearly universal coverage of 
GBS isolates with a single vaccine construct. We are currently 
exploring the use of this protein for such purposes. 

The conjugation of the type HI GBS capsular polysaccharide 
to the beta C protein from the same species of organism demon- 
strated that specific, protective immunity can be elicited to both 
components of the conjugate vaccine and that the protein com- 
ponent can act as both carrier and irnmiinogciL This work lays 
the foundation for further studies of this novel type of vaccine 
and for further optimization of glycoconjugatc vaccines. 
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Group B streptococcus (GBS) Isolated from human 
neonates diagnosed with sepsis and respiratory dis- 
tress produces a polysaccharide exotoxin (CM101) 
which has boon previously described as GBS toxin. 
CM101 infused i.v. into tumor-bearing mice causes 
rapid tumor noovascutarltls, Infiltration of inflammato- 
ry cells, inhibition of tumor growth and tumor apopto- 
sls. CM101 has successfully completed phase I studies 
in refractory cancer patients with very encouraging 
results. We have now demonstrated a mechanism of 
action for CM101. Using a normal mouse tumor modal, 
wo have examined tumor end normal tissues which 
were harvested at 0, 5. 15, 30 and BO mln post-Infusion 
of either CM 101 or dextran. We present evidence that 
CM101 is rapidly (within the first 5 min) bound to the 
tumor neo vasculature. Complement Is activated by the 
alternative pathway (C3) and leukocytes start to infil- 
trate the tumor within the first 5 min. Through RT-PCR 
and Immunohlstochemical techniques, we demon- 
strate that proinflammatory cytokines, lntorieukln-6 
and tumor necrosis factor (TNF)-w, are up-regulated in 
infiltrating leukocytes and TNF receptor 2 Is up-regu- 
lated In the targeted tumor neovasculature. Combined, 
these events constitute possible explanations for the 
observed pathophysiology of tumor ablation- 
Key worts: Anti-tumor action, complement, cytokines, 
endothelial cells, Immunohistochemistry, polysaccharide, 
RT-PCR. 
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Introduction 

Group B srreptococcus (GBS) infection in human 
newborn infants causes pneumonia and presents 
with signs of sepsis, granulocytopenia and respi- 
rarory distress. It is characterized by pulmonary 
hypertension and pulmonary edema. The disease 
is marked by a strong inflammatory response in 
the lung with pulmonary sequestration of gran- 
ulocytes and extensive pulmonary vascular dam- 
age, and is associated with high morbidity and 
mortal! ry. 1,2 

We have previously reported that the patho- 
physiology associated with neonatal GBS pneu- 
monia could be readily duplicated using a sheep 
model when a polysaccharide called GBS toxin 
was infused in picomolar quantities. 1,3 GBS toxin 
induced a pulmonary inflammatory response 
leading to vascular damage which was evidenced 
by changes in hemodynamics. 4 ** GBS to*"m has 
been further subfbetionated 5,6 and the resulting 
pathophysio logically more active component of 
GBS toxin is now called CM101. 

By ELISA, we have recently demonstrated the 
presence of CM101 in the serum, spinal fluid and 
urine from infants diagnosed with GBS pneu- 
monia or meningitis. CM101 was common to all 
serotypes (Iab/c, II III and V) present m different 
patients. 6 

Helicrqvisc */ at? postulated that CM101 
(GBS toxin) binds embryonic receptors in neo- 
natal lung neovascularure and induces an in- 
flammatory response which can lead to 
respiratory failure. Hellerqvist 5 speculated thar 
similar receptors would be present in developing 
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tumor neovasculature making the tumor sus- 
ceptible as a target for inflammation. Humans 
and mice as neonates are susceptible to GBS 
infections. CM 10 1 was demonstrated efficacious 
against tumor progression in our mouse models 
with evidence of inflammation 7 and tumor ab- 
lation 8 with no toxicity to other organs. 7 We 
have also demonstrated elevated systemic tumor 
necrosis factor (TNF)-^ interleukin (ID-l and 
IL-6 9 in rumor-bearing mice, rapid infiltration 
of the tumor by leukocytes, neovasculancis, and 
tumor cell apoptosis following infusion of 
CMlOl 10 in two different tumor models in two 
different strains of mice 10 (Jain & al. % 1996 pers. 
commun.). 

CM101 entered clinical trials as an and -can- 
cer agent in 1993. Data obtained from the pa- 
tients studied support the hypothesis that 
CMlOl induces a tumor neovasculature-targetcd 
inflammatory response, evidenced by a time- and 
dose-dependent systemic cytokine cascade and 
infiltration of the tumor by activated ieuko- 
eyres."' 1 * 

In this study, we expand on our under- 
standing of the mechanism by which CM101 
targets pathologic angiogenesis and neo vascula- 
ture. We demonstrate that CMlOl activates 
complement in both mouse and human. We 
present evidence that CM! 01 in vivo rapidly 
binds tumor endothelial cells of newly formed 
blood vessels in Madison lung rumor-bearing 
m ice and co-localizes with ei ther endogenous 
mouse C3 or exogenous human C3. This se- 
quence of events effectively opsonizes tumor 
endothelium for destruction by the infiltrating 
leukocytes. 13 We used RT-PCR techniques to 
examine the mRNA expression levels of several 
proinflammatory cytokines. We report herein 
the results with IL-6 and TNF-a and their re- 
spective receptors in liver and tumor tissue from 
animals treated with either CMlOl, dextran or 
phosphate-buffered saline (PBS). These same 
tissues were used in immunohistochemicol 
studies to localize the cytokines and corre- 
sponding receptors. The results support the 
suggested mode of action observed in cancer 
patients where the responses and biopsies were 
indicative of a complement- induced cytokinc- 
driven inflammatory response. 
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Materials and methods 

CM 101 preparation 

Briefly, clinical grade CMlOl was produced by 
culturing Group B /f-hemolyric Streptococcus 
(GBS) in Todd Hewitt Broth (Becton Dickinson, 
Princeton, NJ) to late log phase. The culture was 
autoclaved, and bacteria removed by centrifuga- 
tion and filtration. The supernatant was concen- 
trated by recovering the retenrace from a 10 K 
nominal molecular weight limit (NMWL) 
polysulfone cassette filter (Millipore, Bedford, 
MA). CMlOl was recovered from an alcohol 
precipitate by phenol— water extraction, and 
DEAE-Sephadex and Sepharose column chroma- 
tography. Final purification was achieved by lentil 
lectin chromatography. 5 The resultant polysac- 
charide solution was filter sterilized, aliquoted 
into sterile vials at a concentration of 150 pg/ml 
and then lyophilizcd by a FDA-approved con- 
tractor for clinical use. Samples of CMlOl from 
this lot were provided for use in this study. 
CMlOl was suspended in PBS to establish ap- 
propriate doses for i.v. injections into tumor- 
bearing mice. CMlOl has an average molecular 
weight of 300 kDa by gel filtration and is com- 
posed of GalNAc, GlcNAc, Gal, Glc and Man in 
an approximate ratio of 1:1:3:1:1- 



Biotinylation of CM101 

Twenty-five micrograms of lyophilited CMlOl 
was dissolved in 250 ul labeling buffer at 
100 mM sodium acetate, 0.02% sodium azide. 
Aqueous mera-periodacc (125 uJ of 30 mM) was 
added and the oxidation was allowed to proceed in 
the dark for 30 min at room temperature. The 
reaction was terminated by adding 80 mM 
Na 2 S0 3 to the solution. The resultant aldehydes 
were reacted with 125 pJ of 5 mM NHS-LC- 
Biotin (mol, wt 556.58) (Pierce, Rockford, IX) for 
a 1 h incubation at room temperature to form 
biorinylated CMlOl. Excess biotin was removed 
by dialysis against four changes of 1 L PBS at 4*C. 
The product was purified by gel filtration on an 
Ulrrahydrogel 1000 (Waters, Millfbrd, MA) 
HPLC, 7 lyophilized and stored at -70°C unrii use. 
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Murine lung tumor model 

A murine king tumor cell line (G-50073, Madi- 
son Lung Tumor) was obtained from rhe Tumor 
Repository of the National Cancer Institute ar the 
Frederick Cancer Research Facility. This tumor 
originated in BALB/c mice and has been cm- 
ployed in our previous studies. 7,8,10 

A frozen vial of stock G-50073 tumor cells was 
thawed in a 37°C water bath. The cells were dis- 
persed into a single cell suspension and washed 
twice with RPMI 1640 medium by centrifugatinn. 
The cells were then suspended in a 0.6% solution of 
agarose at a concentration of A X I0 5 /0.1 ml. The 
suspension was loaded into a tuberculin syringe and 
allowed to gel for 30 min at 4°C. Eight-week-old 
normal male BALB/c mice were injected s.c. with 
2 X 10 3 cells in the ventral area with a 21 gauge 
needle. Mice, in three separate studies, were ran- 
domized into two groups (experimental and con- 
trol) and monitored for tumor development. 
Fourteen days after injecting cells, the mice in the 
experimental group were injected i.v. with CM101 
and in the control groups with dextran 200 000 in 
PBS at a concentrations of 240 Hg/kg per mouse or 
with PBS alone. At 0 (non-treated), 5, 15, 30 and 
60 min after infusion, mice from both experimen- 
tal and control groups were sacrificed. Tumor and 
liver tissues were removed, split in half and each 
half was processed for either RT-PCR or 
irn mu no histochemistry. For immunohisrochemis- 
try, the tissues were immediately fixed in 1096 
neutral formalin. The tissues were then dehydrated, 
paraffin embedded and 10-20 X 8 micron sections 
were cut for each antibody used for immunohisto- 
chemical staining. 

Monoclonal antibody 

BALB/c mice were initially injected with 250 Jig 
of CML01 mixed with 50 U£ concanavalin A (Con 
A) as an adjuvant in Hunter's Titer Max 
Adjuvant. Four weeks after the initial injection, 
the mice were boosted with 50 \xg of CMlOl 
mixed with \ 5 H& Con A. The boost was repeated 
twice at 1 week intervals. Antibody ticer was then 
determined by EXISA. Three days prior to cell 
fusion, 50 |l£ of CMlOl was injected i.v. into the 
mice as a final boost. On the day of cell fusion, 



spleen cells from mice immunized wirh CMlOl 
were fused with X63-Ag-8.653 murine myeloma 
cells as described by Fu and Career. 13 Fused cells 
were piarcd into 96-welJ culture plates (Costar, 
Cambridge, MA) and subsequently screened for 
IgG recognizing highly purified CM101. Positive 
cultures were then expanded and subcloned. 

Anri-CMlOl monoclonal antibody IgG 
(2A2B4) was purified from ascites fluid by Protein 
G (Sigma, St Louis, MO) affinity chromatography. 
Ascites fluid was prepared by Charles River Lab- 
oratories (lot no. WA 93142) by i.p. injection of 
2A2B4 hybridoma cells into primed BALB/c mice. 

The purified monoclonal antibody 2A2B4 was 
then dioiyzed against two changes of PBS at 4°C 
overnight. Antibody concentration was determined 
by the Bradford protein assay and by EUSA using 
purified mouse IgG (Sigma) as a standard. Anti- 
body was aliquotcd and stored at — 80 6 C until use. 

EL1SA for detection of complement bound 
toCMlOl 

Concentrations of 30 jig/ml of either sheep anci- 
human Or sheep anti-mouse complement C3 or C5 
IgG (The Binding Site, San Diego, CA) in 0.1 M 
carbonate buffer, pH 9-6 was coated onto 96-well 
BUS A plates (Immulon IV; Dynatech> Chantilly, 
VA) by incubation at 37 °C for 1 h, then overnight 
at 4°C. The plates were washed with PBS and then 
blocked with 4% non-fat milk in PBS for 1 h at 
37°C. Biocinylated CMlOl was incubated with 
either normal human or mouse serum at room 
temperature for 15 min and then overnight at 
4°C. This was accomplished by mixing 50 ^il of a 
10 fig/ml solution of biotinylated CM101 plus 
50 [d of scrum diluted in PBS for final dilutions of 
1;2, I;10, 1;20, 1;40, 1:80, 1:160 and 1:320. For 
controls, biotinylated CMlOl was incubated with 
heat-inactivated serum (human or mouse) at the 
same dilutions as described above. After washing 
the places, the serum— CML01 samples were added 
to either the anti-C3- or an ti^CS -coated ELISA 
plates and incubated for 2 h at 37°C 

The plates were then washed wid streptavidin— 
^galactosidase (Gibco/BRL Life Technologies, 
Gaithersburg, MD) was added to cagh well- The 
plates were incubated for 1 h at 37°C and washed 
with PBS. Substrate (pNPG; Gibco/BRL Life 
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Technologies) was then added and incubated for 
1 h at 37°C. The reaction was stopped by addi- 
tion of 50 \k\ of 0.2 M Na 2 CO v The plates were 
read at 405 nm using a model MKH computer- 
ized Titcrtek® Multiskan Plus ELISA reader. 

Immunohistochemical assay 

Between 10 and 20 X 8 micron sections of mm or 
or liver tissue from three separate experiments 
were prepared for immunohistochemicaJ analysis. 

Preparation steps. Sections were deparaffinized 
by immersing slides in xylene at room tempera- 
ture twice for 5 min each. The slides were then 
transferred to fresh absolute alcohol at room 
temperature and rehyd rated through a graded al- 
cohol scries ro PBS over a 40 min period. The 
prepared sections were treated with 2% hydrogen 
peroxide prepared in 30% aqueous merhanol for 
20 min at room temperature to quench endoge- 
nous peroxidase activity. 

Blocking. The slides were then washed with 
PBS and blocked with 2% BSA in PBS, washed 
again and the tissue stained as described below. 

Method I: probing with monoclonal antibody 
against CM101. Monoclonal antibody 2A2B4 
(75 ul; 10 ug/ml) was placed on die sections and 
incubated for 1 h in a humid chamber. This was 
followed by washing the slides with PBS and 
incubating the sections with sheep and -mouse 
IgG— peroxidase (The Binding Site) for I h at 
room temperature in a humid chamber. 

Processing steps. The slides were washed with 
PBS and color was developed by adding DAB 
(Sigma) as substrate. Reactions were terminated by 
immersion of slides In distilled water for 5 min. 
The sections were then counter-stained with 0.5% 
methyl green for 10 min at room temperature. 
The slides were washed again with distilled water, 
dehydrated by washing with 1-butanol followed 
by two consecutive immersions for 5 min in xy- 
lene and mounted on cover slips. 16 Controls in- 
cluded staining with secondary sheep an ci -mo use 
IgG, peroxidase alone and monoclonal antibody 
alone for each time point examined. 

Method II: probing with sheep anti-mouse comple- 
ment G3. Tumor tissue sections were washed with 
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PBS followed by incubarion with sheep an ti -mouse 
C3 IgG-peroxidase conjugate (The Binding Site) 
for I h in a humid chamber. Subsequent processing 
steps were the same as described in Method I. 
Controls included tumors from untreated mice and 
tumors from treated mice tissue incubated with an 
irrelevant sheep anti-human IgG. 

Method III: probing with sheep Anti-human com- 
plement C3 IgG. Diluted human serum (75 |±1) 
was added to appropriate tumor tissue sections and 
incubated for 1 h at room temperature in a humid 
chamber. Sections were then washed with PBS 
followed by incubation with sheep anti-human C3 
IgG-peroxidase conjugate (The Binding Site) for 
1 h at room temperature in a humid chamber. 
Processing of the slides followed the procedure 
outlined above for Method I- Controls included no 
exogenous human C3 but sheep an ti -human C3 
IgG peroxidase, and with exogenous human C3 
but no sheep an ti -human C3 peroxidase conjugate 
added, for each time point examined. 

Method IV: staining for cytokines and their recep- 
tors, Eight micron sections of either tumor or 
liver were prepared for immunohistochemical 
staining using the processing steps described 
above. The slides were then washed with PBS and 
blocked with PBS containing 2% BSA plus \% 
normal goat Scrum for 15—20 min at room tem- 
perature. After washing wirh PBS, excess liquid 
was removed, the sections circled with a PAP pen 
(The Binding Site) to conserve reagenrs and then 
stained with the antibodies described below. 

The different antibodies (75 p.1) were used at 
different dilutions in PBS. The rat anti-mouse TL-6 
reccpror polyclonal antibody (Geruyme, Cam- 
bridge, MA), the rabbit anti -mouse IL-6 polyclonal 
antibody (Gcnzyme) and the rabbit anti-mouse 
TNF-cc receptor polyclonal antibody (Accurare 
Chemical and Scientific, West Bury, NY) were used 
at a 1:100 dilution, and the rabbit anti-mouse 
TNF-a polyclonal antibody (Genzyroe) was used at 
a 1:40 dilution. Diluted antibodies were incubated 
wich appropriate tissue sections for 1 h at room 
temperature in a humidified slide box. The slides 
were then washed three times with PBS, incubated 
with either a goat anti-rat IgG-Fc-specificautibody 
conjugated to horseradish peroxidase (Jackson Im- 
muoo Research, Wesr Grove, PA), or goat anti- 
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rabbit IgG-Fc-specitic antibody conjugated to 
horseradish peroxidase (Cappel, West Chaster, PA) 
diluted 1:500 in PBS for ] h at room temperature 
using a humid slide box. The slides were again 
washed with PBS and the sections were developed 
by adding DAD (Sigma) subs crate for 3-5 min. The 
reaction was terminated by immersion of slides in 
distilled water for 5 min. The sections were 
counter-stained wirh 0.5% methyl green for 
10 min at room temperature. The slides were again 
washed with distilled water and subsequently de- 
hydrated with 100% 1-butanol followed by im- 
mersion in xylene twice for 5 min each. Coverslips 
were then mounted. The first control included the 
above seeps minus the primary antibody, but in- 
cluded the secondary peroxidase conjugated anti- 
body. A second control included primary antibody 
minus secondary peroxidase conjugate. 

mRNA isolation 

Isolation of mRNA from all tissues was performed 
using the QuickPrep Micro mRNA Purification 
Kit (Pharmacia Biotech, Piscataway, NJ) as de- 
scribed by the manufacturer. Briefly, tissues were 
excised and immediately homogenized in extrac- 
tion buffer, diluted with 2 volumes of elation buffer 
and then applied to an oligo dT-cellulose column 
(supplied with the kit). The column was washed 
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with 5 X 1 ml oflow salt buffer and mRNA was 
eluced with 2 x 0-2 ml of elucion buffer at 65°C. 

Primer and probe sequence 

The primers (sense and antisense) and probe se- 
quences arc listed in Table 1. 

cDNA synthesis, PCR, probe labeling 
and hybridization 

cDNA synthesis was performed using rhc First 
Strand cDNA Synthesis kit (Pharmacia Biotech) 
as described by the manufacturer. One microgram 
of purified mRNA was reverse transcribed at 37 9 C 
with che respective 3' cytokine primer. An aliquot 
of this reaction was then subjected to PCR at 94, 
56 and 72°C for 2CM0 cycles- The components of 
the PCR reactions were as follows: 1 X Perkin 
Elmer Buffer IT, 200 [iM dNTPs (Perkin-Elmer, 
Norwalk, CT), 1.1 raMMg 2+ , 10 pmol each 
primer and 1 unit of Taq DNA Polymerase 
(Perkin-Elmer). Pot each gene product, the opti- 
mum number of cycles was determined for linear 
amplification. As a control for RNA levels, /}- 
acrJn was also reverse transcribed and subjected to 
PCR as described above. An equal aliquot oFeach 
PCR reaction was analyzed on a 1.596 agarose gel 
and stained with ethidium bromide (1 mg/ml) for 



Table 1. RT-PCR primer and probe sequences need in this study 





Oligonucleotide 


SequencB 


/3-actin 
(X03765) a 


{50 primer 
{30 primar 
(50 probe 


5M3TG GGC CGC TCT AGG CAC CAA-y 

S'-CTC TTT GAT GTC ACQ CAC GAT TTC-3' 

5'.TTC AAC ACC CCA GCC ATG TAG GTA GCC ATC-3* 


Mouse IL-Q 
(M20572)* 


(50 primer 
£30 primer 
(50 probe 


S'-ATG AAG TTC CTC TCT GCA AGA GAG T-3* 
5*-CAC TAG GTT TGC CGA GTA GAT CTC-3' 
e'-CAA AGA AAT GAT GGA TGC TAG CAA-3' 


Mouse lL-6Ra 
(X5197S)" 


(50 primer 
(30 primer 
(5*) prooe 


5'*AAT GCG TCA TCC ATG ATG CCT TGC GAG G-3' 
S'-GTG GTT TAG GGT ATT GTC AGA CCC AGA GC^3' 
5'-TGG AGT GAA TGG TCC CCA GAG GTC A-3" 


Mouse TNF-b 
(Y004S7) Q 


(50 primer 
(30 primer 
(50 probe 


5'-TTC TGT CTA CTG AAC TTC GGG GTG ATC GGT CC-3- 
5 r «GTA TGA GAT AGC AAA TCG GCT GAC GGT GTG GG-3* 
S'-CTC CTG GCC AAC GGC ATG GAT CTM' 


Mouso TNFR-2 
Q<S7796) a 


(50 primer 
(3 r > pnmer 
(50 probe 


S'-GCC CGA AGT CTA CTC CAT CAT TTG TAG GG-T 
S'-CAT CCA CCA CAG CAT ACA GAA TCG CAA GG-3' 
5 -TCT TCG GTC CTA GTA ACT GGC ACT T-3- 


a; Accession number 
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visualization. The DNA was denatured by soakiog 
the gel in 1.5 M NaCl, 0.5 M NaOH for 45 min. 
The gel was then rinsed for 5 min in double- 
distilled water and neutralized by washing twice 
in 0.5 M NflGI, 0.5 M Tris (pH 7.4), first for 
30 rain and then again for 15 min. The DNA was 
then transferred to a nylon transfer membrane 
(Micron Separations, West Borough, MA) by 
vacuum blotting. The membrane was UV cross- 
linked, baked at 80°C for 2 h, followed by a 2 h 
prehybridizatton at 42°C. The prehybridizacion 
and hybridization solutions (0.2 ml/cm ) con- 
rained 1 X SSPE (150 mM NaCl, 10 mM sodium 
diphosphate, 1 mM EDTA), 2 X Denhardt's so- 
lution (1 X Denhardt's solution - 0.02 polyvi- 
nylpyrrolidone, 0.02% ficoll and 0.0296 bovine 
serum albumin), 10% de*tran sulfate, 296 SDS 
and 200 ^Lg/ml salmon sperm DNA. 

Probe labeling was performed as described by 
Manniatis. 17 Briefly, a 50 pj labeling reaction 
containing 100 ng of oligonucleotide probe, 
70 mM Tris-HCl, pH 7.6, 10 mM MgCl 2 , 
50 mMDTT, 1-uCi of [ 32 P]-ATP (NEN, Boston, 
MA) and 20 units of T 4 was incubated at 37°C for 
5 min and radiolabeled probe was purified using a 
G-25 Sephadex Quick Spin column. The purified 
labeled probe was added to the hybridization so- 
lution and hybridization was earned out at 37°C 
for 18 h. After the hybridization, the membranes 
were briefly washed at 25°C with 1 X SSPE/0.596 
SDS/0.1% non-fat dry milk followed by a 30 min 
wash with the same solution. The membranes 
were then washed twice for 30 min ac 45 D C with 
0.1 X SSPB/0-5% SDS, followed by a final wash 
with 0.1 X SSPE/0.596 SDS also for 30 min. The 
membranes were air dried and scanned using the 
Ambis ftadioanalytic Imaging System. 

Results 

Complement binding in vitro 

An in vim ELISA assay for complement binding to 
CM101 was developed to further our understand- 
ing of the role of complement in the in vivo in- 
flammatory response to CM101 , In this assay, sheep 
anti-C3 or -C5 was used to capture C5 or C5 pte- 
incubated with biotinylated CM101 in vitro, re- 
spectively. Detection was accomplished via 
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srrepmvidin-^-galacrosidase- A typical anti-human 
C3 binding profile is presented in Figure 1(A). A 
scries of normal human serum dilutions was used to 
precoojugate C3 or C5 with a constant amount of 
biotinylatcd CM101. Minimal binding of CM101 
is observed at high concentrations of human serum 
where complement is far in excess. CM101 detec- 
tion peaks at a serum dilution of 1;20 and then 
subsides with increased dilutions. Substituting 
anti-mouse C3 IgG for the human TgG as the cap- 
ture antibody yields a similar dilution profile 
(Figure IB), The observed decrease in CM101 
binding at serum dilutions from 1:40 should reflect 
insufficient amounts of C3 to bind the available 
CM101 present in the preincubation step. No 
CM101 is detected when the same assay is pet- 
formed using heat-inactivated human scrum. 
When the ELISA capture antibody is an anti-hu- 
man C5 antibody, a CM101 binding profile similar 
ro that for C3 can be seen, although the amount of 
CM101 detected at each serum dilution is consid- 
erably reduced (Figure 1C). Based on normal C3 
concentration in serum (1 mg/ml), we can estimate 
that 3-5 mol of C3 binds per mole of CM101. 

Immunohistocriemical analysis 

CM101 Binding in vivo. Immunohistochemical 
analysis of tumor tissue sections from the different 
time points demonstrate that CM101 binds tu- 
mor endothelium within 5 min post-CMlOl in- 
fusion (Figure 2). The reaction product is strong 
and widely spread throughout the endothelial 
cells of the tumor (Figure 2A), The amount of 
CM101 detected at successive time points de- 
creased progressively (Figure 2B). By 60 min 
posc-infusion, the signal was weak and scattered 
in rhe tumor endothelium (Figure 2C). No signal 
was observed in tumor tissue from uncreated mice 
Cf igure 2D), 

Complement binding 

Additional mouse tumor tissue sections, from the 
same time points as described above, were tested 
for complement activation by measuring endog- 
enous mouse C3 binding to tumor endothelium in 
CM 101 -treated animals and controls. The ob- 
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Figure 1. (A) Detection of CM101 bound 10 human complement C3, A constant concentration of Wotlnylated CM101 waa conju- 
gated la human C3 using various dilutions or either normal human serum or heal-In activated human eerum as the C3 source and 
detected by sandwich EUSA, Three different sera warn used in mese assays-. Detection of CM101 peaks at a 120 serum dilution 
with a mean OOias °* 1 .28. Biolinylated CM1 01 could not be deeded at any serum aHullon when heat-lnacqvated serum was used 
(B) Detection of CM101 bound to murine complement C3. A constant amounl of biotinylated CM101 was conjugated 10 murine C3 
using various dilutions of either normal mouse serum or heat-Inactivated mouse serum as a C3 source and detected by EUSA, The 
assay procedure was described In derail In Materials and methods. Three different sera were used in frees assays. Peak OD^s 
(0 331) occura at a 1:2D serum dilution, Heat-inectivetBd control serum remained at background absorbanee levels at all dilutions 
tested (C) Detection ot CM101 bound to human complement C5. A constant amount of btounyiatod CM 101 was conjugated to 
human C5 using various dilutions of either normal human serum or heat-inactivated human scrum as the C5 source end delected by 
ELIS A. "Hires donor sera were tested In these assays. Detection of CM101 was maximal at a 1 :20 serum dilution with a mean OD^os 
of 0.517. Controls using heat-Inactivated aerum were consistently at background levels. 



served binding of an an ti -mouse C3 antibody 
again correlated well with the binding of our ajiti- 
CM101 monoclonal antibody (Figure 3). That is, 
binding is incense ax 5 min and diminishes with 
time. Tn addition, at 5 min, complement activa- 
tion is obvious throughout chc cum or tissue. In 
contrast, control tissues were negative in this as- 
say. Tissue sections were also incubated with 
human serum co allow binding of human C3 to 
CMI01. Figure 4(A-C) shows localization pat- 
terns for anti-human C3 antibody that are essen- 
tially identical 10 chc pattern observed with our 



monoclonal anti-CMlOl antibody. Control tumor 
tissues (from animals without infusion of CM101) 
incubated with humwi serum shows essentially no 
background reaction produce (Figure 4D). 

Activation of inflammatory cytokines 

Immunohistochemistry was employed to establish 
the presence of cytokines and cytokine receptors at 
the cellular level in liver and tumor tissue pre- 
and posc-CMlOl infusion. 
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Figure 2. Endothelial localization of CM10> In transplanted 
mouse Madison lung tumors from mice treated wrth CM 101 fa 
vivo. The sections wen? incubated with anli-CMl01 mouse 
monoclonal antibody. Control tumor sections wero not exposed 
lo CM1 01 in vivo bul the sections wBrs treated with mouse anti- 
CM101 monoclonal antibody. Localization of anti-CM101 IgG 
wa3 demonstrated with goal antt-mouse IgG conjugated to 
horseradish peroxidase. (A-C) High power views (x 400) of 
tumor tissue at either 5. 15. and 60 min post-Infusion of CM101 
Indicating the presence of CM101 located in association with 
endothelial cells of newly formed blood vessels. Note that with 
time the distribution and intensity of thB anti-CM101 signal de- 
creased and became scattered. (D) High power view (x 400) of 
a control tumor section where no reaction product could be 
detected. 

Liv&r tissue 

IL-6. Using antibodies co IL-6, a weak staining 
of scattered sinusoidal lining cells was present ac 
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Figure 4. Endothelial localization of exogenous complement 
(C3) in tumor allografts in mice treated with CM101. Tumors 
were extracted from mice treated by l.v, Injection of CM101. 
Tumor tissue sections were Incubated with exogenous human 
serum followed by goat anti-human G3 IgG conjugated to 
horseradish peroxidase. (A-C) High power views (x 400) of 
tumor tissue sections al either 5, 15 or 60 mtn post-infusion with 
CM101. indicating reaction product with human complement 
C3- (D) Control tissue section from tumors not exposed to 
CM 101 in vivo. Note lack of reaction product in the absence of 
CM101 treatment 



5 min (Figure 5 A) and did nor increase with 
time. No staining of large vessels or hepacocytes 
above control levels was observed ar any rime 
point. 

IL-6R. In livers from mice exposed to CM101, 
staining for IL-6R was observed in the endothe- 
lium of large vessels, primarily the central veins 

4 

Figure 3. Evidence of endogenous complement (C9) activa- 
tion In tumor tissue from mica treated with CM101. Tumors 
were exposed in vivp by l.v. Injection of CM101. Tumor (Issue 
wag taken Qf 5 mm post-infusion of CM 101 and tissue sections 
were incubated with sheep anti-mouse com p lemon I C3 IgG 
horseradish peroxidase conjugate. (A) High power view (x 400) 
of tumor tissue indicating the presence of endogenous mouse 
C3 reaction product localized on IhB tumor vessel endothelium. 
(B) Control tissue from mice not treated wrlh CMloi- 
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with rabDlt antwnouse IL-S (A and B). (A) H<gh power (D __ d & min pogi-intuslon with CM101 

a dZe Scfion p«iuct (6) Cortm* for rha different UmG po.nls. 
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and branches of the portal vein by 15 min (Fig- 
ure 5C). Less conspicuous staining was also ob- 
served in branches of die hepatic arcery. A few 
centri lobular hepatocytes stained positively with a 
granular cycopliismic scaining pattern. Occasional 
centrilobular hepatocyces were strongly positive. 
The endothelial lining of the large centrilobular 
sinusoids were weakly positive in some areas. At 
30 min, granular hepatocyte staining was 
stronger and distributed more diffusely through- 
out the section. The same scaining pattern was 
observed at 60 min (Figure 5D) post-infusion 
although the intensity was increased. 

T/VG-flt. At 15 min post-infusion, a weak 
positive staining for TNF-oc of the lining in large 
vessels was observed in some areas but diffusely 
Stained hepatocytes with a cytoplasmic pattern 
dominate (Figure 6A). The intensity of staining 
of the hepato tyres decreased and an increased 
staining of the large vessel endothelium is ap- 
parent at 60 min (Figure 63). Figure 6(C) is a 
representative control for all time points, 

TNFR2. The lining of the large vessels was 
positive for TNPR2 at 15 min (Figure 6D) pose- 
infusion and the intensity of vascular staining 
increased with time, with the highest intensity 
at 60 min (not shown). Hepatocytes were posi- 
tive at 15 min but faded by 30 min (Figure CSE) 
and were virtually negative by 60 min (not 
shown). The sinusoidal lining cells were positive 
ar 15 and 30 min with weaker staining by 
60 min (Figure 6B). 

Tumor tissue 

Infiltration of the tumor by leukocytes is striking 

at the 5 min time point and continues Over the 

studied 60 min time period. 

Tumor- infiltrating macrophages stained 
positively for IL-6 ar 30 min (Figure 7A). By 

30 min post-infusion j we observed weak nuclear 
and cytoplasmic staining wichin the tumor cells, 
and this staining increased with time (not shown). 
Small blood vessels were strongly positive by 
30 min (Figure 7A). The strongest vascular 
staining was observed at 30 min (Figure 7A) and 
was slightly decreased by 60 min (not shown). 

IL-6R. Tumor-infll crating macrophages and 
occasional tumor cells were positive at 5 min with 
a cytoplasmic staining pattern and nuclear stain- 



ing was observed in some tumor cells by 30 min 
(Figure 7C) with a slight increase by 60 min 
(Figure 7D). 

TNF-oc. The strongest staining intensity for 
TNF-a was seen in tumor-infiltrating macro- 
phages (Figure 8A and B), This staining increased 
with time and was maximal at 60 min (Fig- 
ure SB). We observed a weak TNF-a cytoplasmic 
staining in tumor cells at 15 min, and che in- 
tensity increased with time and was strongest by 
60 min. Staining of tumor blood vessels above 
control levels was not observed. 

TNFR2. Staining for TNFR2 was confined to 
vessels and was negjitive in tumor cells (Fig- 
ure 8D and E). Staining in tumor endothelium 
was distinct at 15 min (Figure 3D), increased 
with time and was slightly stronger at 60 min 
(Figure 8E). 



RT-PCR 

RT-PCR was used to establish a semi -quantitative 
profile for the mRNA expression of IL-6, IL-6R, 
TNF-oc and TNFR2 after treatment of rumor- 
bearing mice with CM101, Samples of either tu- 
mor or liver tissues were taken at time intervals of 
15, 30 and 60 min after treatment of CM101 and 
from untreated controls. 

Liver tissue 

IL-6 mRNA expression increased several fold 
within 15 min after treatment with CM101 
(Figure 9A). IL-6 mRNA levels continued tn be 
elevated at the 60 min time point where a 7-fold 
increase in expression was observed. 

TNF-a. TNF-a expression was increased 4- 
fold at 15 min post-infiision of CM101 (Fig- 
ure 9A). Levels of expression at 30 and 60 min 
were only slightly (1.5-fold) above the expression 
levels observed in untreated control tissue at any 
time point, 

IL-6R. mRNA expression of IL-6R from liver 
tissues was elevated several fold within 15 min 
after CM101 treatment compared to controls 
(Figure 9B). By 30 min, however, H^6R mRNA 
expression returned essentially to background 
levels. 
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untreated mice at differoni times. Tumgr cells and macrophage st^nod anb-lL^6R 30 (C) and 60 (D) min pom tnruswn 
CM101. (E) Representative control tissue from mouse not treated wttn gynoi. 



Flours B ImmunDlocanzatlon ofTNF-oc and TNFR2 In lumor from mice post-inluSion with CM1 01 . The tissue rHBcted V* eitiner 
^ 1S25E£u» TNim (A) By 30 mln posl-infuston with GM101. TNF-« ™^ 
SLTi I^hL-te. i«. fl tBri within the tumor (&) By 60 mln, a larger number or macrophages erarn wnh higher mlensrty. (C) Hepre- 

S^^orn was cbBBrvaS wfth slightly IncmasBd Intensity ol ttlnk* (F) Represent comrpl BB ciion tor TNFR2. 
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a Effects of CM 101 treatment on mRNA expression -• -- _ nMA » d timf-o rr 



levels of IL-e, 1L-6R. TNF-*, and TNFR2 □! the (umor in urnar-bearlng 



IL-6 arid TNF-a mRNA 
*ere 



expression 

elevated 5-fold by the B0 min lime point 



TNFR2. TNFR2 mRNA levels were essen- 
tially unchanged during the time intervals ob- 
served (Figure 9B). 

Tumor tissue 

IL-6. mRNA levels for JL-6 increased only 
slightly by 60 min compared to control (Fig- 
ure 1 OA). 

TNF-a > A significant increase of TNF-a 
mRNA was observed by 60 min (Figure 10A) 



conjured with rhc increased number of infiltrat- 
ing TNF-a positive macrophages. 

IL-6R. Message for EL-6H. increased 4-fold by 
15 min *nd was further elevated by 60 min 
(Figure 10B), consistent with the immunohisco- 

chemical data, 

Immunohiscochemkally, the increase 

in TNFR2 is cofioed to the tumor endothelium 

and the message for TNFR2 in the tumor tissue 

increases 5-fold by 60 min (Figure 10B). 
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Discussion 

CMlOl has been administered to cancer patients 
with encouraging results. The collected data 
supported a mechanism of action whereby CM101 
acted by inducing a tumor-targeted inflammatory 
response which was evidenced by a systemic dose- 
and time-dependent cytokine cascade, nimor pain, 
and a biopsy demonstrating infiltration of in- 
flammatory cells 11 and tumor apoprosis. En- 
gagement of tumor endothelium in the 
inflammatory process was corroborated by elevat- 
ed systemic sE-Sclectin in response to CMlOl. 
It is well understood that the products of the 
complement cascade mediate a wide range of 
proinflammatory activities including altered vas- 
cular permeability and rone, leukocyte chemo- 
taxis, 18 increased cyrokine and adhesion molecule 
expression, ty ' 2ft and activation and lysis of a va- 
riety of cell types, all of which are applicable to 
the action of CM101. 

Humans and mice arc susceptible as newborns 
to G6S infection. This unique feature allows us 
to study che molecular mechanism of GMlOl in 
mice, 11 ' 12 and make extrapolations toward 
human cancer patients. 7,1 1 Infusion of picomoie 
levels of CM 101 into tumor-bearing mice in- 
duced systemic cytokines, rumor neovascularitis 
and infiltration of inflammatory cells with sub- 
sequent inhibition of tumor growth, and tumor 
ablation. 7-9 Mice without a tumor do oot ex- 
hibit a systemic cytokine response to CMlOl. 9 
We have recently reported on the effect of 
CMlOl on tumors in the ear skin of mice. 10 
Infusion i.v. of CMlOl resulted in neovascul- 
ariris with proinflammatory activation of tumor 
endothelial cells, infilcration of leukocytes into 
the tumor interstitium and subsequenc tumor 
cell apoptosis. 

The results from our mouse model presented 
here offer detailed immunohistochemical data in 
support of the suggested mechanism of action for 
CMlOl, We postulate chat this mechanism ap- 
plies also to the cancer patients. Clearly, CMlOl 
binds specifically to tumor neovascuiucuxe within 
minutes of i.v. infusion. Complement activation 
by the alternative pathway is evidenced by im- 
munolocalizacion of endogenous C3 within the 
tumor. Our observation thac human C3 also binds 



to CMlOl within mouse tumor neovasculacure 
strongly suggests that the anti-tumor activiry of 
CM101 is similar in tumor-bearing mice and 
human cancer patients - 

The inflammatory response is evidenced in the 
patients by systemic cytokines, 1 1J 2 and is further 
substantiated in this mouse model by elevation of 
cytokines systemically 9 and intracellularly as 
shown by increased message for the corresponding 
cytokine or its receptor and a rapid early infil- 
tration of the tumor by activated leukocytes, 

A short burse of TNP-fl£ and TNFR2 expression 
was observed immunohistochemicaliy early in the 
liver posr-CMlOl treatment corresponding to an 
early brief increase in mRNA expression although 
this did not translate into hepatotoxiciry. 7 How- 
ever, TNFR2 is present in the tumor endothelium 
and message is continually up-regulated over the 
60 min examination time. The corresponding 
TNP-ac scain is seen early only in infiltrating 
macrophages. The massive infiltration of TNP-*- 
producing macrophages results in an increase of 
TNF-aC in the cytoplasm of rumor cells. 

TNF-a has been successfully used to destroy 
tumor vasculature by intralesional infusion in 
clinical trials. 21 The aflti-angiogenic cfFect of 
CM 101 is postulated to occur via its ability to 
target a complement (C3)-mediated leukocyte 
killing. 13 to the tumor neovasculature. The ob- 
servations described herein support chat vascular 
damage to more mature tumor vasculature occurs 
through TNF-arTNI : Il2-mediated apoptosis,* 2 
with TNTF-a being delivered by tumor infiltrating 
macrophages and TNFR2 being up-regulated in 
the tumor endothelial cells as a consequence of the 
CMlOl-induccd cytokine cascade.* 11 

The apoptotic tumor cells seen at 60 mm in 
che ear model 10 explains the mechanism of tumor 
ablation seen in mice B and, in cwo instances, in 
the early clinical development of CMlOl. * 

Toxicology studies on nude mice following 
repeat infusions of CM101 showed no toxicity to 
any organ. 7 A weak binding of CMlOl to KupfFer 
cells in liver tissue Can, however, be seen within 
5 min post-CMlOl infusion (data not shown). 
There is neither complement activation nor in- 
filtration of inflammatory cells following binding 
to presumably che lectin receptors. The binding of 
CM101 co Kupffer cells could be blocked by co- 
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Soluble E-selectin in cancer patients as a marker 
of the therapeutic efficacy of CM101, 
a tumor-inhibiting anti-neovascularization agent, 
evaluated in phase I clinical trial 



Received: 12 May 1995/Acccpied: 6 September 1996 

Abstract A polysaccharide toxin, GBS toxin, is pro- 
duced by group B Streptococcus (GBS) isolates from 
neonates who died of "early-onset disease". GBS toxin, 
named CM 101 in the clinic, was hypothesized on the 
basis of our previous in vivo studies, to induce mflamrna- 
tion in pulmonary neovasculature in neonates by cross- 
linking of embryonic receptors still expressed after birth 
and in tumor neovasculature in adults. Immunorrislo 
chemical in vitro analysis of human biopsies showed that 
tumor neovasculature is indeed a binding site for CM101. 
In vivo studies in mice have demonstrated that CM 101 
induced inflammatory responses in neoplastic tumor 
neovasculature causing inhibition of tumor growth 
and tumor cell necrosis. These experimental observa- 
tions warranted a phase I clinical trial for CM101 as 
an anti-neovascularization agent in human cancer 
therapy. Cancer patients received one cycle of therapy 
consisting of three treatments during 1 week. CM 101 
was administered over 15 min by i.v. infusion. Dosages 
of 7.5 ug/kg (1 U/kg), n - 3; 15 ug/kg (2 Vfls& n - 6; 
24.75 ug/kg (3,3 U/kg), » = 3= and 37 * 5 u sAe (5 U/kg), 
= 3 were used. Enzyme-linked immunosorbent sand- 
wich assays (EUSA) of the patients] sera showed 
a marked elevation of soluble E-selectin with a peak 
concentration observed at 8-12 h after each CM 101 
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infusion. The average baseline value for soluble E- 
selectin prior to the first treatment was 97-3 ± 23.4 n^ml 
(mean ± SEM> n = 15) and the average peak level ft 
8 h was 441.6 ± 62.4 (mean ± SEM. n = 15; P < 0.001). 
Subsequent treatments gave average maximum soluble 
E-selectin levels again at S h of 466.9 ± 87.6 and 
412.0 ± 67.8 n^ml, for treatments 2 and 3 respectively. 
Baseline values for treatments 2 and 3 were 192.3 + 26.4 
and 226.4 ± 26.1 ng/ml respectively (p < 0.01 versus 
treatment 1). Out of 15 patients, 5 showed tumor reduc- 
tion or stabilization and were given additional cycles of 
therapy. CM101 induced an increase in soluble E- 
sclectin levels, which remained elevated over baseline at 
the start of the following treatment cycles. The baseline 
remained elevaied for several weeks after the final treat- 
ment, i.e., P < 0.01 for levels before treatment 1 com- 
pared to those at week 4 after treatment. Elevated 
soluble E-selectin is considered proof of endothelial 
engagement in an inflammatory process. Our data sup- 
port the contention that the inflammatory response 
observed in these cancer patients is targeting the tumor 
neovasculature and that measurement of soluble E- 
selectin levels in patients treated with CM 101 can pro- 
vide important information on the magnitude of 
CMlOl-medialed neovascular endothelial activation 
and tumor cell damage in cancer of endothelial origin, 
or cancer with a major neo-angiogenic component. 

Key words CM101 - GBS toxin ■ Cancer - 
Inflammation • Neovascularization ■ Angiogencsis 

Abbreviations GBS group B Streptococcus - 
CMI01 polysaccharide GBS bacterial exotoxin ■ 
TNFa tumor necrosis factor - IL interleukin 



Introduction 

Group B Streptococcus of different serotypes, isolated 
from neonates who had died from respiratory distress. 
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infusion of biotinylarcd CM101 with equal molar 
concentrations of marman and asialofctuin, 
whereas binding co tumor neov&sculanire was nor 
(dam nor shown). 

The data presented herein lend support co a 
mechanism of fiction where CM 101 binds rumor 
neovascul&rufe and complement C3 is activated 
resulting in C3b bound to CM101 and C3a being 
released as a chemoattractant for leukocy res. 24,25 
C3a is evidenced systemically in cancer parients 
30 min post-infusion with CMlOl. 23 C3b bound 
to CM101, a polysaccharide, fulfills the require- 
ment described by Ross 13 for the two compo- 
nents, C3b and a polysaccharide, necessary for 
phagocytosis by leukocyces. The subsequent cy- 
tokine cascade 9 * 11 leads co further infiltration of 
activated leukocyces and up-regulation of TNFR2 
in tumor endothelium, which combined wich 
intra-rumor TNF produced by infiltrating leu- 
kocytes, contributes further ro the rumot ablative 
effect of CM101. 



Conclusion 

We have demonstrated thac CM101 binds spe- 
cifically to tumor endothelium within minutes 
and activates complement by the alternative 
pathway. The opsonization leads to a cytokine 
cascade infiltration of activated leukocytes which 
mediate rhe observed tumor ablation. Immuno- 
histochemical and S.T-PCR analysis allow us to 
conclude that IL-6 and TNF-tf are produced in the 
tumor by infiltrating leukocytes, and that tumor 
endothelium is sensitized for destruction through 
induced up-regulation of TNFR2. 

References 

1. Hellerqvisc CG, Rojas J, Green RS, et aL Studies an 
group & 0-hemolyric streptococcus. I. Isoiarion and 
partial characterization of an extracellular toxin. Pe- 
diatrRei 1981; 15, S92-S93. 

2. Rojos J* Green RS. Hcllcrqvisr CG, et al. Srodies on 
group B /^-hemolytic streptococcus- H. Effects Oil 
pulmonary nemo-dynamics and vascular permeability 
in unanesrherized sheep. Pediatr Res 1981; 15, 899— 
904. 

3. Sandberg K, Edberg KE, Pish W, et al Thromboxane 
rcceprar blockage (SQ 29548) in group B srrepto- 

232 Anp^cxsU ■ Vol 2 - No 3 • 1996 



coccal (GBS) toxin challenge in yqung lambs. PttUair 
Rzs 1994; 35, 571-579- 
4. Rojas J, Larrson LE, Hellerqvisr CG, etatl. Pulmonary 
hemodynamic and ultras cruet ural changes associated 
with £ro u P B /J-hemolyrtc streptococcal toxemia in 
aduk sheep and newborn lambs. Pediatr Res 19S3; 17, 
1002-1008. 

5- Hellerqvist CG. Therapeutic agent and method of 
inhibiting vascularization of cum ore. US Patent 
5,010,062, April 23. 1991- 

6. Sundell HW, Yan H-P, Wu K, a aL Isolation and 
identification of group B beta-hemolycic streptococ- 
cal (GBS) toxin from sepric newborn in fonts. Pediatr 
Rts 1997; 39, 302A. 

7. HelLerqvisr CG, Thurman GB, Page DL, et al. Anti- 
rumor effects of GBS toxin: a polysaccharide exotoxin 
from group B /^-hemolytic itreptococcus.J Cancer Res 
Clin Oncol 1993; 120. 65-70. 

8- Thutman GB, Russell BA, York GE ( et aL Effects of 
GBS toxin on long-term survival of mice bearing 
transplanted Madison lung rumors. J Cancer Res Clin 
(W 1994; 120, 479-484- 

9. Hellercrvisr CG, Thurman GB, Russell BA, et al. 
Anti-tumor effects of GBS toxin are caused by in- 
duction of a rargeied inflammatory reaction. In: 
Maragoudakis ME, Gullino PM, Lelkes PU eds. 
NATO/ASl Series — Angiogeaesis: Mo/eatfar Biology, 
Clinical Aspects, Series A: Life Serenas . New York: 
Plenum 1993; 263, 265-269- 

10. Thurman GB, Page DL, Warail BD, et al. Acuce 
inflammatory changes in subcutaneous micro tumors 
In mice eatt induced by intravenous CM101 (GBS 
toxin). J Cancer Res Clin Oncol lpOfi; 122, 549-553. 

11 . DeVore RF, Hellerqvisr CG, Wakefield GB. a al. A 
phase I study of the anrineovascukrifrition drug 
CM101. / Clin Cancer Res 1997; 3, 365-372. 

12. Wamil BD, Thurman Gfi, DeVore RF« et al. Soluble 
c-Se Lectin in cancer parients as a marker of rhe 
therapeutic efficacy of CM 101, a rumor inhibiting 
agent, evaluated in phase I clinical trial. 7 Career Res 
Clin Oncol 1997; 123, 173-179. 

13- Vetvicka V, Thornton BP, ROSS GD. Soluble beta- 
glucan polysaccharide binding to the lectin site of 
neutrophil or natural killer cell complement receptor 
cype 3 (CDllb/CDIS) generares a primed srarc of 
the receptor Capable of mediating cytotoxicity of 
iC3b-Opsonized target cells- J Cliff Invest 1996; 98. 
50-61. 

14. Helltrqvist CG, Lloyd S, Wang 5, ft pL Modulation 
of inrerleukin-12 mRNA expression in leukocytes of 
Cancer patients created with CM 101. Ann NY Acad 
Sci 1995; 795, 346-348- 

15- Fu C, Career CE. Detection of circulating anrigen in 
human schistosomiasis japonicu using monoclonal 
antibody. Airs J Ttop Med Hyg 1990; 42. 347-391. 



PAGE 45/119 * RCVD AT 2/6/2006 11:03:24 PM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-6/26 > DN1S:2738300 * CSID:40481 56555 * DURATION (mm-ss):5546 



02/06/06 23:15 FAX 4048156555 KS ATLANTA 01046 



174 

produces a polysaccharide exotoxin, which was iso- 
f the culture medium and named GBS toxin 

lated from the - el ai iQgn. CBS toxin, 

(H u dk Urfto XeeJ * wal found to induce a lung 

P S-^odwith the early-onset disease (Rojas 

"fS S f S55S TeS 1990). Susceptibility in human 
ncctiat« to ^BS pneurnonii "early-onset diseaseMs 
SSZfffo 4 days after birth. Hellerqvist proposed that 
SsToxin bound to embryonic receptors in developing 
w vSature and could bind also to pathological 
neo^scuSe in human tumors 
vasculature in vital human organs (HeUcrqvist 1991). 
Subsequently, GBS toxin was shown to bind to - capiN 
Tary endothelium of human tumor tissue (Hellerqvist 

" Micol humans, arc susceptible to GBS ; at birth 
but not shortly thereafter, and, in mouse tumor models 
GBS toxin was found to be effective against neoplasty 
disease, bringing about inhibition of tumor growth 
(Hcllerqvist et al. 1993X Extended treatment with GBS 
toxin was also shown to prolong survival tune signifi- 
cantly (Thurman etal. 1994a). Previous and ongoing 
studies revealed a potential mechanism or action oi 
GBS toxin, suggesting a complement-activated, 
cytokine-driven (Sundell et al. 1996; Hellcrqvist ct al. 
1995a; 1996; Wamil et al. 1996) inflammatory response 
targeting the tumor ncovasculaturc. This response re- 
sulted in vasodilatation, infiltration with granulocytes, 
lymphocytes and monocytes, endothelial and tumor cell 
necrosis, and capillary thrombosis (Hcllerqvist etal 
1993; Thurman et al. 1996). On the basis of these 
neonatal, developmental and experimental observations, 
we are developing GBS toxin, now called CM 101, as an 
anticancer agent targeting the tumor neovasculature. 

An inflammatory event includes adhesion of sub' 
sets of activated leukocytes to activated endothelium 
(Gearing and Newman 1993) via E-selectin- Transcrip- 
tion of the gene for soluble E-scleotin is subsequently 
induced by the inflammatory cytokines interleukm-ip 
fIL-lfl) (Whitley et al. 1994) and tumor necrosis factor 
* (TNFcO (Meekins et al. 1994). The migration of 
leukocytes to the extravascular tissue, initiated by in- 
fection, injury, ischemia, etc., is essential for normal 
host-defense mechanisms and is an example of tne 
complex role or adhesion molecules (Mackay and 
Imhof 1993). Elevated systemic soluble E-selectin is 
considered proof of the engagement of endothelium in 
the inflammatory processes (Bcvilacqua and Nelson 
1993) in numerous diseases and disorders including 
septic shock (Newman et aL 1993). Elevated soluble E- 
selectin is also seen in cancer patients (Banks et al. 
Sawada ct al. 1994; Hakomori 1994). 

The overall objective of the phase I cluneal study of 
CM 101 was to establish the maximum tolerated dos- 
age, toxicity profiles and possible tumor responses. 
Those results are being published elsewhere (DeVore 
et al. 1996). In this study, we report on the serum levels 



(HeUcrqvist et al. 1995b; DeVore et al. 1995). 



Materials and methods 

ratienl selection 

-nri« Rtudv wa* carried out at the Clinical Research Ccmeia 1 
li^ancics or resistance to standard therapy were ^ a]l 

no Higher than Z old* «£g 
ante expectancy of 12 weeks were eligible- In addiuon, the roll*™* 
cri^S wTc bcmei: a bone marrow-whue blood cell cean :jtK 

crSrTgreaterU™^^ 
Valors no rnore .ban twice the «ppe. -taw of 
act to have receives antineoplastic therapy in ^4 weeks 
treatment. The maximum tolerated dose was reached with he to 
three patient*. One patient with hypothyroidism of the _15 was 
wUni froro the *.udy after the taUoto.on to«or severt 
flu-like symptoms. The 15 patient* [9 male, 6 ^^en 
age = S3.8 years, median = 32-5 year*; range 37-63] years reeoved 
u&a inaltUii !(1 -d* S patients experienced d*easc* UMh* 
ation or tumor shrinkage warranting additional treatment cycles 
(every Monday, Wednesday, and Friday). Patients *» 
«udV had been diagnosed wilh the following types of neoplasms (a 1 
JSh metastases^ colorectal tumors (4 patients), biltary 
noma («. duodenal adenocarcinoma (1). esophageal cancer (1), 
Se^oceUr ca^moma (1). Kaposi lucom* (1). M°W£"" 
(2). ovarian tumor (2), prostate gland tomor(l), renal odl cancer (2). 
Thirteen patients had undergone Aemouwrapy; 13 * 
ceived surgical treatment and 7 out of the 15 received rad»ucn 
therapy. 



Drug administration 

CM 101 in saline was administered intravenously by infusion punip 
over I5min every Monday. Wednesday, and F n dn) 'ax 7 J ug£g 
fl UlkA 15 UB/ke (2 U/kg), 24.73 ug/kg (3.3 U/kg), and 37-5 ug/kg 
5 i TJ/kVfs defined^ the amount tfCMlOUha, ■nduces an 

elevation of pulmonary artery pressure m a sheep nw« 
100%-150% and reduces the white blood cell count by 40°/.-6u/o 
meL,vUt et™ 1981; Uojas et al. 19B3> Cohorts of 3 T^UenLs were 
IreaUxl at each CM101 dose level. Dn.fi doses were ^ ° " 
a modified Fibonacci schedule only IT no more than / . pauenu i m 
t riven dose level experienced grade III or higher toxicities ^ more 
th?n 1 patienl experienced grade III or higher M"™*"^,* 
patients were treated al the same dose level. K no addlt onal grade 
111 toxicities were encountered, the dose was subsequently increased 
one level (DeVore et al. 1996). 



Specimen collection 

Venous blood samples Tor determination of the serum cMcwwiion 
ofsoluble E-sclecUn were obtained 15 min before infuaon, and 2. 4. 
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8 and 12 q after infusion. Blood *as drawn into serum vacuiaincr 
cubes. Samples were allowed to clot for 2-*h at room temperature 
and Lhe serum was collected after cenirifufiatioQ and stored frozen at 
-80°C until assayed. 



Soluble E-selectin measurement* 

Concentration or serum soluble E-selectin was measured using 
a commercially available EUSA kit {catalog no. BBB 2B, R&D 
Systems. Minneapolis, Minn). The average soluble E-selecnn scrum 
level for normal humans is 46,25 nfi/ml with a range from 29.14 to 
63.36 n&M ± 1 SD (R&D Systems) in The assays we have used. The 
ELISA were performed according 10 the manufacturer's instruc- 
tion*. Data examination was performed using Lotus 1-2-3 software. 



Statistical analysis 

Statistical analysis and significance of differences in parametric data 
were tested with the paired t-rest (mean ± 1 SEM). Kor non-para- 
metric data, i.e., percentages of controls, the significance of differ- 
ences was determined using the Clopper-Pcarson test for 
dicholomous outcomes (« « 0.05; Hollander and Wolfe 1973). 



Results 

Effect of CM 101 on soluble E-selectin levels 

A gradual increase in soluble E-sclcctin levels was de- 
termined in sera of cancer patients who were treated 
with CM 101. AH 15 patients receiving 1-5 U/kg of 
CM101 bad markedly and consistently elevated serum 
levels of soluble E-selectin, the peak concentration be- 
ing reached between 4 h and 8 h following infusion 
(Fig- 1). 

The average baseline soluble E-selectin serum con- 
centration prior to the first treatment [treatment 1) with 



CM101 was 97.3 ± 23.4 ng/ml ( ± SEM, n - 15). This 
i s insignificantly ^ higher 



29.1-63.4 given by 
E-selectin kit. The 



the manufacturer of the soluble 
c-ecircmi ml xi, v peak average level at 441.6 ± 
62 4 DE/ml was achieved at about 8 h after infusion 
(treatment J; n - 15; P < 0.001). This CMlOl-mduced 
increase in systemic soluble E-selectin concentration 
began to decrease at 12 h but did not reach baseline 
levels before the following treatment 48 h later. Base- 
line values at the time of treatments 2 and 3 were 
significantly elevated: 19Z3 ± 26.4 ng/ml compared to 
treatment 1 (P<0.01) and 226.4 ± 26.1 ng/ml com- 
pared to treatment 1 (P < 0.01) respectively (black 
circles in Fig. 1). Soluble E-selectin levels peaked dur- 
ing treatments 2 and 3 after about 8 h at 466.9 ± 87.6 
ng/ml and 412.0 ± 67.8 ng/ml respectively, *=15 
(P < 0.001). Soluble E-selectin levels remained elevated 
above baseline for several weeks after infusion (Fig. 1). 



Dose-dependent effects of CM 101 
on soluble E-selectin levels 

Administration of four doses of CM 101 (1 U/kg, 
2 U/kg, 3.3 U/kg and 5 U/kg) in the Monday/Wednes- 
day/Friday protocol, revealed a dose-dependent in- 
crease in serum soluble E-selectin (Fig. 2A-D). 

Average soluble E-sclectin levels in 3 patients 
receiving 1 U/kg increased during the first treat- 
ment from 785 ± 12-1 ng/ml to 147.8 ± 10.9 ng/ml 
(P<0.01). By the third infusion, soluble E-selectin 
levels reached 176.4 ± 18.6 ng/ml (P < 0.01 vcrsus- 
treatment 1). At 4 weeks after the third CM 101 infu- 
sion, soluble E-sclectin levels were 110.1 ± 37.5 ng/ml; 
P < 0,05, still 40% higher than the original baseline 
control. 



Fig. 1 Soluble E-SC lectin levels 
in response to CMlOl average 
soluble E-selectin levels in serum 
from 15 patients following three 
infusion* (blackened circles) of 
CMJ01: 1 U/kg (n i* 3), 2 U/kg 
(n = 6), 3-3 U/kg (n = 3) and 
5 U/kg (n = 3), including follow- 
up during weeks 2, 3 and 4 after 
infusion. Statistical significance 
is marked by (a) curve analysis 
compared to the soluble 
E-selcctin levels of treatment I, 
[b) curve analysis versus 
treatment 2, and (c) curve 
analysis versus treatment 3 
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Cancer Pationle kerned WW 1 Unh of CM101 
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Cancer Patients Treated With 5 Units of CM101 



1500 




Of the 6 patients ireaied with 2 U/kg CM 101, 5 

uble E-setectvn were 328.1 ± my ng/m 
baseline 66.9 ± 5.S ng/ml at treatment 1. *<* 01 ' 
and 376.2 ± 112.6 ng/ml at trea tment 3, P < WjW 
Measurement of soluble E-seleclin levefc 2 j weeks 
IS" the last treatment still showed a substantial elev- 
aSon rSfi ± 105.4 ng/rrJ, P < 0-05 versus control 
„ - 5. The soluble E-selectin concentration ^3 weeks 
after iatment cessation was »™ ±****^ 
P< 0.01, a four-fold elevation over the control for this 

Patients receiving 3 U/kg of CM101 at treatment .1 
reached soluble E-selectin *^*^J* 7 ¥^ 
13 7 nff/ml P < 0-001 versus control: 60.3 ± 17.9 ng/mi, 
3 f Sg. 2Q The baseline for treatment 3 was 
248.0 + 28.3 ng/ml, and the peak treatment 3 was 
449 3 + 88.3 ng/ml [P < 0.001 versus control prior to 
treatment 1). The soluble E-selcctin level did not reach 
baseline within 4 weeks (the end of the study protocol . 

In 3 patients treated with the highest dose of CM1Q1, 
5 U/kg, soluble E-sclectin baseline concentration was 
226 7 ± 89.4 ng/ml (Fig- 2D). It doubled within 4 hours 
(529.1 4- 106.1 ng/ml) and reached the maximum in- 
crease at 12 h (617.6 ± 65.1 ng/ml). 

The baseline measurement prior to treatment 2 
(367.5 ± 24.1 ng/ml, P < 0.005) was increased com- 
pared to the treatment 1 control A peak °f soluble 
E-selectin level during treatment 2 was reached at 12 h 
(992 4 ± 267.1 ng/ml). The baseline for treatment 3 was 
383 ±1.2 ng/ml and there was a peak at 12 h of 
665 9 + 104.1 ng/ml. Two weeks after treatment 3, 
levels of soluble E-selectin were still elevated and the 
average concentration was 429.3 ± 83-9 ng/ml. 



Change in soluble E-selectin level in response 
to prolonged therapy with CM 101 

No significant change in response amplitudes was 
measured after up to 1 1-12 treatments had been per- 
formed in 2 patients receiving an extended treatment 
protocol (patient 8, Fig. 3A; patient 11, Fig. 3B). 
Patient 7, suffering from Mediterranean classic Kaposi 
sarcoma, experienced a very significant improvement in 
his disease status. From having had 20-30 new lesions 
every month, the patient had only 1 new lesion over the 
next five cycles. Soluble E-Selectin levels m this patient 
showed a continuous decrease both in amplitude and in 
difference in values before and after treatment over the 
period of investigation (Fig. 3Q. 



Fig.2A-D CM 101 doscndcpcndcnt soluble ^setacUn rtspowc. 
Se?wn levels orsoluble E-sclcClin in patiems nawvmg CM101 every 
Monday Wednesday and Friday {treatments 1, 2 and 3) at 1 U/*g 
(A), 2 U/kg (B), 3-3 U/kg (Q, and 5 V/kg P) 
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PATIENT #B - PEAK sE-SELECTIN RESPONSES 




PATIENT #11 - PEAK sE-SELECTIN LEVELS 




lt#g -an ir#4 T<« itia fHrr twb W« wo Tr#n w*ta 
Q [ qizaro Tim* ■Mtatemm Rmip oris | 

PATIENT #7 - PEAK sE-SELECTIN RESPONSES 




F1&3A-C Prolonged treaunenl with CMlOl. Soluble E-seJectin 
levels in response to CM 101 in pattern 8 (A), patient 11 (B), and 
patient 7 (C) 



Discussion 



CMlOl, formerly known as GBS toxin, is a high- 
molccular-mass polysaccharide (Hellerqvist ci al. 1981). 
CMlOl produces a stxong inflammatory response in 
sheep lung, with pulmonary sequestration of 
granulocytes and extensive capillary endothelial dam- 
age (Rojas et al. 1983; Hellerqvist et al. 1993). The 
pathophysiology associated with CMlOl or GBS toxin 



in ihe sheep model mimicks vhe often-tragic respu-a- 
Si^iiS«odaled with neonatal GBS p»"™°£ 
Tte loss of susceptibility to GBS toxin m neonate^ 
4 days after birth led to the hypothesis that CM101 
would bind only to developing ncovasculature in the 
neonate and that a similar susceptibthty to bin^ng 
would recur in humans only m pathological ncovas- 
culature (Hellerqvist 1991). We demonstrated, „ 
a series of experiments in normal and 
mice which, like humans, ate susceptible to GBS infec- 
tion only as newborns, that CMlOl causes tumor 
shrinkage and ablation (Thurman ^ 
Hisxopathological studies showed thai CM101 was 
causing vasodilatation and hemorrhage, endothelium 
damage, capillary thrombosis and coagulation, and 
infiltration of tumors with leukocytes, lymphocytes and 
monocytes (Hellerqvist et al. 1993). These observations 
underlie the rationale for introducing CM101 as an 
anticancer agent targeting the tumor neovasculaiure. 
Anti-angiogenic activity, as defined by Nguyen et al. 
(1994), is indicated with CMlOl in 1 patient with 
ovarian cancer where treatment with 1 U/kg CMlOl 
resulted in a decrease from 84 pg/ml to 0 in serum basic 
fibroblast growth factor levels after three infusions. 

In sera of normal individuals, soluble E-selectin was 
found in the range 29.14-63.36 ng/ml, suggesting that, 
even in the absence of inflammatory processes, it is 
synthesized and released into the bloodstream. In our 
patients, pre-infusion soluble E-selectin average serum 
levels were exceeding 60 ng/ml. This may suggest that 
progressive neoplastic diseases in our patients were 
primarily responsible for the increase in soluble 
E-selectin (Banks et al. 1993; Sawada et al. 1994; 
Hakomori 1994). A dose-dependent increase was 
seen only from 1 U/kg to 2 TJ/kg, after which serum 
levels reached a plateau as the dosage was escalated to 
3.3 U/kg and 5 U/kg respectively, suggesting satura- 
tion of the neovasculature with CMlOl. Serum levels 
of soluble E-sclcctin persisted significantly, elevated 
throughout the treatment period (weeks). Wc could, 
therefore, consider each administration or CM101 
as a hostile stimulation of endothelium. Additional 
pharmacokinetic studies showed a cascade release 
of macrophage inflammatory protein lot, TNFa, 
TI^6, IL-8 and 1L-10 (Thurman et al. 1994b; DeVorc 
et aj. 1996) which may also stimulate endothelium 
(Warren 1993). nM ^t 
The inflammatory response induced by CMlOl 
infusion is further manifested by leukopenia after 
1 h, followed by an increase in circulating granulocytes 
(DeVore et al. 1995)- The peak of granulocytosis occurs 
within 6-8 h after infusion and corresponds with 
the peak of serum soluble E-selectin levels in all treat- 
ment groups. Increased granulocyte adhesion and 
extravasation leads to an up-regulation of soluble 
E-selectin, which may moderate the rate of adhesion 
of granulocytes to endothelial membranous E-selectin 
a defense against excessive extravasation and 



as 
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migration and subsequent inflammation (Gearing and 

Ne Sent 9 ^h a non-HlV Kaposi sarcoma (endo- 
^ hyperplasia) demonstrated the most s^fi^nt 
reduction of tumor lesions (Hellerqvtft et al. 1994, 
DeVore et al. unpublished result). The patent's serum 
levels of soluble E-selectin increased after the 
first dose and declined during prolonged treatment 
Is he responded to treatment. Elevated soluble 
E-selectin serum levels in non-HIV Kapos, sarcoma 
patients have not been previously observed (Sciacca 

Cl On tne 4 basis of our combined clinical and preclinical 
experiences, we propose that monitoring fh™fics in 
soluble E-selectin levels can provide valuable informa- 
tion on the degree of CMlOl-mediated neovascular 
mmor endothelial activation and subsequent inflam- 
mation. We also suggest that, after extended fterapy, 
reduction in neoplastic endothelium by <-M101-in- 
duccd inflammation leads to a decline m the soluble 
E-selcctin level as seen in the Kaposi saTcoma pauent 
following treatment. 
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ABSTRACT 

nan inftato- every o*be* <Uy, ti»e» la 1 w^****** 
raging from (7.5 M******^*^™ 

analyzed for ulvCMlil IgO tad IgM wee«y. 

ujt a, taitftouWi. S, ittUitoikin 10, MUM**, wtoMe 
.^aaaryxedfrvanMSmi.^ 



toxfcclrJc*, fnctadrm grgfle IV 

t cttcMBterttf mt the level 

To^kWe? occurred primarily within me fir* 12 h after 
therapy w4 Included mfld-to-modeimte ftwr mtf ™w, 

I acute tiunor-wWted pain. No failicnt developed ***** 
HID CMIOL Ai pabeaf eapegRnccd waited 

Three patients ape**enced tunaor shrinkage, 

the mulls show that CMJOl am be eq^nfa - 
tered at produce evidence for seme, and putty 

UMPorHgerff^ taflammertnn Fort** stpdy ^ ne«it»iy to 
better cl^rnctertoe the marh a n lBaw of nctto* end i K U rm i n* 
gpifaBBi dose and schedule of tW« iw agefil- 

INTRODUCTION 

AAgiogeanfe U a proc«s by which new Wood vessebare 
formed Although highly refiulaled during embryogerteau (I). 



RmovoJ 4/24VWL revised *x*p*d . _ . f(Wk 

ThTco^ of publkaiiaa of this ankle »erc drfrayed in t«t byttc 
oTLcni ol charge*. TO* art** *h*ck*c U h«oby marUd 
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0C< ^U f i 2a iio J i becomes «*e*ive in P^^^ 
^^diabeiic trio**** ^^^^ 

yoad the size of a f^r nulUnKW (3) »nd ^for the 

ts^OT, » do the ppportuiiiiies f« ideotdy,^ vanous 

izadon that might potential thcrtpeutic Unca (5^ 

dkd of eerfy aerxic«nia tf>. Rcfeted ^ i P re T^? 
GBS toxin. CM1Q1 is thought u> be instniroenul m die dtvel- 
op^of ocona*l G»S early onsd ^^^f 11 ^^ 
iTarprJc gbock and poeumooU with tespiiiuay f^(9).1to 
d Lel«T R most pronounced In premature infants, ^ human* 
m usually snsceptihle only during the first fc^ day. after birth, 
Y oung and mature sheep develop • polwonary respooie 
^imil^ to human neonates when eajoscd to CM101 or when 
cxpmencint- GBS bacttremia. Accordin^^ ^ have ton 
(BsSlWa model for studying the P*hophyw°logy of GBS 
sepdamta a Bi«ok«ic»l aeetkms of «heep tangs after^r. 
^prane m purified CM101 cteuiniwue eatcnaiw camllary 
endothelial dama^ oc^ iiiflamTnatoiy infiliratefi. and hemor- 
rhtfe. These trndirujH arc umuV. if not identical, 10 those 
observed in hjuimneonnu* vriua C4fly on^ o^seaie (8). After 
\ v adiiiiiiistrasion to sheep, iiratwnclogical and hirtoehcniical 
flnajysii of posttremtrnent lung dtfnoiwtrnie* bindtQ* of 
CMlOt to c^Uaries and ajterioto (10). These 
support me hypothesk ihtfCMiOl wnds to developing human 
nOTatcurature via endothelial cell surface receptors and in- 
duces » severe local inflammatory response, KeUexqviat 
<U, 12) hypothesiied that the patbolo§>»l peovasculature of 
human tnaHgrtartcte would also eotprtss receptoB for CM101 
and thus provide a selective wget tor cancer therapy. 

Several preclinical studies provide evidence for a possible 
use of CM101 as an anticancer ageoL For exaraple^QSing 
hrimiuKdusiochenuEtry. HellerqW«i *rnt (1 1) demonstrated mat 
CM101 binds to the neovascvlaiure of human enctnuroa*. 10 
additwa, Lv. adniiniatimtion of pkommar quaotides of CMTOl 
into nude mke implanted with human larzc-cell •d&ocvtuio- 
maa iailuces UUTKKDcCiOSis and D^Mfihagic ksiorrt and inhib- 
its tumor progression. In inmiuno cfflnn rrr m BALB/c mice with 
esiaftOiahed Mndtfion lung Cttcinorna* CM 101 induces a severe 
milumofliory response ttrgeting the tumor, as evidenced by 
vasodllatioa. endothelial and tunto/ cell nccrosisp invasion by 
foflunmotory cells, capillary thrombosis. ShnVtenn aw* 
tnentwhhCMlOl in^ves iiiediai aurvival of treated mic^ 



s The afahftvttooaa used STK GBS, g?"T B p^winajytic 5^^ei>CCJu; 
MTD. nwsinHUy talented do*; *E*xkc*n, sohihic E-selcchn; THF. 

*C CL Heum-vist Tbcnpctnic a^pnt and method cf mnibWn* vascu- 
toroatkai of oiaoia. United Sun- Patew 1»1. 
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and protracted Ibenw render* *™ atfcnals disease-free 02). 

fodLeiumalmo^ 

to DOtfurtOf vasctilarurc is observed. 

Onus bwte of ihese pttclmfcaJ dais, aPtoe I fcwtWny 
trial of CMlOl w»s uaderoten io patient* with leftaaory m* 
tiBuncics. Because pn*Sinkal imtato ibrt * prtcmtol 
l^^^gCheduJofc 

tty kWMik«l*Nelo**iuiiis«f CMlOl by apruusaedsefced- 
efc in hrnisu. (12V Howew, doe w *^< a "^*? l ** fc ! 
che cKtttatit] for delayed enxicttes, ii was dfite *™™ i l ™ * 
fcLKi • *» w aehediile fori week 
was fixst rtojuirtd to establish safety before proceeding 
imdy of * prowled schedule, to Hie Cerent icport, w* present 
ihc touha <** fettiWUv study describing the fir* j 5pJiW|tt* 
treated with CMlOl. The purpose of tola 

CMlOl. Ptfients were abo observed for evidence of mmm^pc 
mctivity, dcvetoiww of ««^CM101 antfeodies. wd ctenOop- 
meal of » systemic infUuunitDfy cyinfcine response. 

MATERIALS AiO> METHODS 

Pt***— Ttfartlrn Patients wiih m>[jgnanrk*c*M»Mdercd 
rtftmctory or resistant to stands* ther»py wert elig^ Previ- 
owsy uareeied patients for which thc*e wt*t»ac*ei»^ 
erdr iheimpy n^talic renal cell au ^^ w ^^ 
cancer) were ah* CbpU* Pretreatine«i assessment owMattd or 
a himmy and physical exanuiuitien, complete Mood count, d* 
frrrmH and platelet count, urinalysis, chest radiuf^aphy. eleC' 
trocwUopazn. pvJmonazy (unction testing, and nnnor measure 
nents (if applicable). Eligibility repaired *° Eastern 
Cooperativt Oncology Group performance status of =s2. age 
2-|g yean, estimated life expectancy of al2 week*, tod 
q ^tu^(xnm<^as^M\c^^^<>rtq\^^^ the upper 
limkof nonnalXbepw^Hiuto 

limit gfm«ml>. ad bcaie aiTOW function (WBC core* 
K3jDOV|jJ and platelet court %lQQ£0(V|iJ}. I*evioos Mtmeo- 
plattx dastapy rUvU have been completed at lav 4 week* 
(except palliative ladkxJtfotpy) before therapy with CM 101. 
Padoou with central nervous system diseas e, tac artatntoycai 
miUgnanckft, preview allergic icacuoos to StwKpmocvw. or 
restrictive laog riscasc with cartoon mono* We difftwion capacity 
<o0% of predict value tunics* related to long involvement 
will) fumor) were ineligible, 

TJt- g A * alnhlmfflnn Tnc initial dose in tkii nial wsa 1 
v«ii/kg C7J Uig/k#) CM101 fiven eacb treatment day . OtC ooU 
of CMlOl b defined v the amount of druf, wbtt aekninif fcred 
Lv. to sbecp. requind to induce M devatw* in the putaMar* 
aftnry Wood prc*«ue »y 100^150% and «o redoct the cinailair 
itt«WDCcolMttb^40-cX>%orbaseluic(l3).lPt^^ 
to 40 of/kg CMlOl nave bet* administered witnoui cawng 
i^Kat toxicity, and the LD,o Tor k^d-aensittwd aace WU be- 
tween 4 and 16 mg/kg (6). 

M) patienu were ueated in the ou tp a tie nt center of the 
Vanderhw Univcnity General Ginkal Research Center. LyopQ- 
ilized CMlOl was initially recoewtuted in naabnl ttline ind 
dUuted to a iotal of 30 cc imrttdiately before HoVv^tndoo. 
CMlOl was »drtiini«eicd i v. by uifuiion prop over 15 «0n on 
a Monday* Wednesday, and Friday of the «me wedc No 
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CkrteonittAsf 




No. of cycte* 
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33 
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Total 
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■mi mimm mppiJ were |?ven. Blood p«on, pnJac, «J 
wrv rate w*^c moniiored be^innin^ ^ min bi^ tefl^a. 
^ery 1 5 mm far the firei bour ato erdtmcnl, a«aai at 90 mi^ 
and 412.3,4. 6,8. ia »d 12 h. Patients who «p 
TCgreuico or gtaMttratww, and wbo did not ci 
linvtins toxicitxea, wr«e icnraicd every 3-* rtl 

Cohnttt of three pmudHi were trcaiod d t ™ wl "l*. 
It ve4 . Drog dc*e* wert eacnlatDd oo a niodie^FihooBccisciiedr 
ute only if k» dun or eqpal ro one-third of the pificnto *t * 
t^enifaac level e^i^ 

Table IX If mote than out p-ieni t*peau**d mot 
greater toxachkn. thfee ao^htkmal pelican were trtated A the 
taoedgve level. If oo additioftal pwto III toxichka ««*e en- 
countenat the do» waa ■nbsr<yiff inly piciea^c^leveLPoie* 
bjmifng toxicity wis defined as any grade IU or IV wticty* 
Aldwiuh k «a« doi the primary inlcoi^ tif the study to dito 
» MTO erai dw c«nwit *ci»^ 

tlesnxd 0 be^> diJoct ronare stnexes u&in& & protiicnsd schedule 
of CM101 , Therefore, the MTD wn« defined » the highest dose 
for which the tacithnice of DLT was <33*. 

Texldty MortneiiMj Patienta w«e evninnied weekly, 
wflh a history, physical cuminatk»n« and complete htood 
eouttU. Semzn dwmiaenes. blood counts, dtftcMtfril, |jlatek l 
eomtis, unnaryics. cheat l a^ ugtap h s , a«l o^orro* — — ■* 
wcie obtaiiP^d moothly and at the end of the Apdy. 

Whtt^each^nllOl infusioik hepsrhuSCd 

coUewd for bioidgieal condative uudies at ihe following hme 
pointi: -15.0. 15. 30, epd 45 miiu *nl«1, 2. 3> 4* 
10. end 12 h. Throe hundred units of prcsenreiive-fiw; hepaiui 
(Sigma H3149« St touis. MO) were added per miHilher of 
blood. One-btlf ml of this mixture w*s dispe n a e d w a 2-ml 
ppiyprnpylene macfocentrifuge tube (Sigtf* T3S31) for blood 
^irt -ui differential analysis. The synnge co t n a inin g the re- 
maining blood was placed nose^np io a rack to allow gravity 
sedhneei for 1-2 h at room wnperatuie. The «3*aVocyte-rich 
ir \+**** was then exprascd out of the syringe imo a 1 J-ml 
Jxi^ptcpyiei^m 

MCT-ns. Sad Leandro. CA>. Tubes weie cencrifuged in a 
miaocenixifuge tCostar^^ 

The plasma m recovered and clarified by eiweber c*wtafuga- 
tion at 5600 X g for 10 nhn et4*C.The ceH pcltofiotn the first 
spin (red cells and kuxDcytes sepantely) woe rettiapended in 
PBS (Sigma 03662)1, split into two aliquot* cactv and frozen at 
~&5*C for nrbarntrnt studies. 

*>Cttffmbiatfcaa of WBC Counts. WBC counts were ob* 
| wOqg s Couher Counter (tuodel Three call oounts 
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nrt fH well *e ptarn««ilri»eUe f" 1 *^^^^ 
^ in a Bufc^ueni Sample were uurwrd only once 
and woe immediately analyzed. _ ... 

Rbu tetw. after treatment. «*» 1 "^r^** 
to SZn. Co* amlmurir* antibody .^J^ * " 
S3J «Sb «-*« buffer. Alto 
w^^Livdy and Nocked with 

CM101 cpjug^' «. added u> Che plate £ 
seal antiraurine iiubody with lire «it«ff» c « nbl ^*f i ^" : " 

S 8 free auu,crJc He. available to S u^u«u , WertC^. 
Asequal oO»»n^li<»l of deoUnn wa* added <o control wells. 
After incubation, the plates we«e wwhed. 

^XTSrfcc p,^ of antKMlOl «^bod« was 

SSI ^7^0.) « ^"fr^ 

te»w«ii 1:16 W 1:1024. After ipaitam-. ^ P^" *™ 

«S« control well*"- *™eCMIO» well.. B^*"* *°» 
S^T^C was added u> ite remaining b» vrellMthw. 

^ed , a ^ well, and 1-2 h of io«,b»r,o« 
"""n.nirt the reactioa w»s uroinaied with alkali. ««J 
ntatea^lcrc'iad i^an EUSA Flaw Reader a» 405 nm. If *e 
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H^patoiirflubr can*iD™ 





» C G. HeUeiqvBl. unpflobiaea ctanKi^i- 



ser^ diluriom wen, sigaificamly hirf)« (««^ iban 2-fold; 
LlrlcoLl*. wa, ««id«ed porfd ve for 

^ZSftlL T^ta*. Before e*h 

reaciion to CM 101 was considered ptwtrve ,f rfier 4B-72 h a 
l_2-mm niised «ns» of indur»rjciii was deteded. 

RESULTS 

patent OiartClerHtica. Paliepi chanctensacs *re 
^bown in Table 1. All 15 puiu^ had infract nv^gn^cies 

alter cycle 1 of therapy ant n«i™d aifcequedi <re.i- 

Two of thcM paHent. experienced tumor P^P^"^" 1 3 

ZTlofusion^nd w removed due to grade HI to»e*y. S« 
S^rt, w« treated * tbe «eco«d doe level 2 
rf^rn had onnor shrinkage. A «hW pabent wUh s^hte 
JjTiter «bo fim cycle tato off — 
^iciiy ocaurin. duripg d« Eecood eyefc of tteW ^ 
paWBB were removed after *e ttai cyde ** "T^T 
S^tan. ^ one »f«ed further iherapy after betn* hot- 
bed for nausea and vomittae. which occurred afttf the tot 

infU5 T *£ 32S" were ««ed . 
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Table* G*mtx» io*icUicg_ 



CM10I 
dose 



Fever/Chilis 

Grade 
1/2 3 4 



Nausea/ 

Vomiiio* Cough Dyspnea 

V SSr Grade 

1/2 3 4 1/2 3 4 1/2 3 _4_ 



Headache 
Grade 
1/2 3 * 



Myalgia 
Grvfe 
1/2 3 4 



Flushing 
Grade 
1/2 3 * 



palaGrtde 
1/2 3 4 



1 3 

2 6 

S3 3 



mm cyd«. A second patient b-d stable ***** ***** ■ • 
but was removed from the study during cycle 2 don to toxicity. 
The third patient was removed after cyde I due to tumor 
piogression- At the 3-unh/kg dose level, two ofi three pauem* 
ftxpericrtced grade IV toxicity, and therefor farther dose esc* 
Lation was discontinued. , 

T ^*w Toxicities arc outlined in TaWe 3. tirade 1/u 
fever and chills lasting 1-2 b were universal and «xo«p«lied 
by mild tachypnea, tachycardia, and an M ynv»iiii^dcclnie m 
blood pressure in most patients 0*g. I A)* Two patient* «P«> 
enccd grade XI or gnwer hypdienakm: one * dose level 2 and 
« «£~l*vcl 4. The pabent at " 
a history of supraventricular tachycardia and developed me 
same antiythmia ami resultant grade m bypmenaion, n^uinrtg 
brief hCSpitalSwdon. Bo* patient* required i.v. fluid*. One 
patient created * dose level 2 developed a flv-bke syndmme 
Wi th abated weakness, myalgias, headache, dianhea. fever, 
chilli and nausea lading approximaidy 1 week after a angle 
dose of CM101. All toxicities were reversible and occurred 
primarily during tbe first 1-12 h after CMI01 adimnistaiioiL 
Dose-limiting toxicity occurred in two of three patients 
irtioed with 5 units/kg CM10I. In addition to the patient who 
developed supravanmcubr tachycardia (grade IV arrhythmia) 
and grade IH hypotension, a second pattern experienced severe 
(grade IV) dyspnea. Although both incidenw of grade IV tox~ 
iciiy occurred at the S-unii/kg dose level, the association be- 
tween dose and toxicity was inconsistent. Grade Dl dyspnea 
occurred in two patients: one each ai dose levels 1 and 2- All 
tone patients experiencing grade ID or IV dyspnea had lung 
rocwsiases and a carbon monoxide diffusion capacity ^76% of 
the predicted value. No patient with B carbon mxmoxide diffu- 
sion capacity >76% of predicted experienced grade m or IV 
dyspnea. The most severe cases of dyspnea were associated with 
expiratory wheezing; however, broaehospasm was not always 
present in dyspneic patients. Dyspnea was generally manna! 
1_3 b after therapy when patiems were also experiencing * eVer » 
chills, and tachycardia. Dyspnea was not unproved with broo- 
chodiletor*. , . 

Because there was concern that the grade IV dyspnea and 
arrhythmia were rwimiated by cardiovascular effectecvi- 
dcnCcd by significant decxeaaes in blood presume encountertd at 
the higher dose levels, no further dose escalations were at- 
tempted. The median decreases in systolic blood pressure* fimm 
baseline for each dose level were as follows: 35, 42. 7, and 16 
mmHg ai dose levels 5> 3.3, 2, and I itntfsykg. respectively. 
Therefore, it was felt that the MTO was established and that 
further escalanon was prohibitive due to the risk of ftjrtier acute 



Other than acute dyspnea, no addition pulmonary toxicity 
was evident Likewise, other than transient supraventricular 
tachycardia, dyspnea, and hypotension, no specific caitGaca^- 
^Twas eacSrcd. There were no renal or ne^rtog^ 
arimaes. Other than transient leukopenia oeaimng danng the 
fi,* few tans after therapy, no patient cxr^ericaced^mcaUy 
slgnifii^tou^enia, uVombocyiopenia, or anemia Amngte 
study ahhough a smg)e patient tf^et^ 
frero 38 to 33* within 2 weeks of therapy. Three patients 
experienced a rise in serum liver enzymes (lactate debydrogen- 
aXawanate aiwncttansrertse, and alk^nephosphaiase) while 
receiving CMJ01. However, all three had liver metastases and 
documented disease ptogression. 

Aftcf CM101 mfusiop, pain at the site Of the wmor was 
observed Mi seven patients. Three patients experienced grade OX 
pain. all at the 33-unhTkg dose level; one or them experienced 
an objective tumor regression and one stabilized disease. Tbe 
third pattern experienced pio^^ 
of therapy. 

Leiliflcyte Respostaefl to CM1*L A time course for 
changes in leukocyte counts in response » CM10! is shown in 
Fu> IB. Iraiially. gnrtttlocyw levels declined precSpiBHisiy, fol- 
lowed by a icbound above baseline at appraimalely 3-4 h- This 
rebound was asseciaied with the appearance of a huge number 
of immature granulocytes in the peripheral blood at all dose 
levels. Cfaxohdory lymphocytes decreased to a nadir at 2-4 h 
after treatment with 2, 33. and 5 suits/kg and were nearly 
baseline by 12 b. Circulating monocyte levels decreased most 
significantly at tbe two highest dose levels and remained sup- 
pressed tor 8-12 h. 

Cytokine Bequests 16 CM10L All patients experi- 
enced i dme- and dose-dependent elevation of sysiomic cyto- 
kines after CM10I (Table 4). TNF-ou MlP-lou IL-*. O^- and 
IL-10 peaked at 60-90, 60-90, 120. ISO. and 240 mill, respec- 
tively, suggesting an interdependent cascade of wfUmmatory 
evenis. Cytokine levela generally renuned to baseline within 
4-Shof CM1D1 adminisiration. In most casea, peak levels were 
detected on day 1 of each treatment cycle, and peaks were 
sigiufkamly less pronCHinced after treatment on days 2 and 3 
(Wednesday and Friday). In patients who received more than 
one cycle of CM10I, peak cytokine levels and response patterns 
were similar to those achieved during the initial dose of CM 101. 
The amplitude of the systemic cytokine response Increased 
exponentially with increasing CM 101 doses and peaked at 33 
imiis/kg (Table 4). 

Systemic sE-sclectin, a putative marker of endoitieliaZ in- 
flammation < I4X was elevated approximatcry 2-6old ow "aor- 
maT in all pailents at baseline and increased further m response 
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Fig. I A. mctA Change town 
btadine v«t» ita Wood pto- 
aont, hcMT nic, ittpuimy 
pte, and Itfmpeniuns afi*r 
ireumem with CM101 u four 
(fiOcztnt cktttt. A mean 
ebW0c fiom bwriin* vaIucb in 
totti WBCs, fruuktacywa, 
lyrnptacytea. Hod monocytes 
«fi* IKSUncu wUh CM101 if 
four tffritK Owe* Time is 
cxfcjuiMirt as houfB after 
CM 101 i 




'o a 4 e e io 12 

TIME AFTER CM 101 



2 4 6 6 10 12 
TIME AFTER CM 101 



lU/Kg 



2U/Kg 3.30/Kg 



SU/Kg. 
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TabU4 



rrnV ^ ^ .fc^cert^ uW wkhgjlOj 




to CMIOI- Both baseline and peak values usually .tae during 
^^.t inft^ns * the first cycle and reach* J>eak value* 
to 800 ng/ml by the end of the ^ ^ 
STonllnuarion of therapy. sE-sclectia ^^"^f 
downward, apprMchmg b«olme * f wecks ^^ f ^m 
mem. In patients receiving more than one cycle of CMJDI. 
baseline and peak sE^lecUn level* were siinilarto lh«« ob- 
served during the initial cycle of therapy. However, in the 
patient wilh Kaposi's sarcoma wbo experienced a gradual and 
substantial regression of bis malignancy, baseline and peak 
level* Headed downward throughout his five eyries of therapy, 
possiWy reflect a gradual decline in the amount of malignant 
iteovasciri'tnire. 

CMIOI Antibody and Skim Testing, Two patteou re- 
fused to have antibody testing performed- Of the rewiDu* 
13 patients, 5 of whom received multiple courses of CMIOI, 
none developed antibodies: to CM10L None of the five 
patients given multiple courses of CM10I developed reactiv- 
ity to akin testing. 

Efficacy. TTtfce patients exhibited tumor shrinkage after 
CM10I A 63-year-old male with classical Kaposi'* sarcoma 
and multiple lower exiremity lesions previously ttwted I with 
ov^ni ham radiotherapy, muluple surgical excisions, and i-v. 
vinblastine was developing multiple new lesions on the left 
lower extremity each month, One week after receiving his fir* 
dose of CW101 C2 flnitsAfiK the largest marker ksion (a lesion 
raised approximately I cm from the skin surface and I cm ip 
diameter) became obviously Oattened* it was no longer detect* 
aWcat3%w^Thr«a<tfitk>od 
apwtudn^ly 5 inra Ui diajDeter tvere 

ever, several smaller- lesions became pal*, dccre*** in size, and 
deaquamaied by 3 weeks after cycle I of therapy. The disease- 
related discoloration *rt severe edema of the extremity draraaL- 
ically improved and almost completely resolved during therapy. 
He received a iota! of five cycles of therapy until a new 
appeal andhe^as discontinued from audy. 



A 43-year-old female with metastatic adcnocareinornA of 
the small bowel invorviiuj a supraclavicular lymph node had 
previously railed otatmem with 5-fluoroun*a and was seated 
with 2 uniuVkg CM101- There an obvious reduction InUie 
size ofihe lymph node within 2 week* of receiving me fim doe 
of CM10L There was an approxiniaiely 94Mb ™ 
size of the lymph node after four monthly cycles of CM10L 
However, after the second course of CM101 * new supraclavic. 
ular lymph node appeared and enlarged after the subsequent 
treatment cycle. Both lymph nodes were excised approximately 
3 h after uialmem with day 1 » cycle 4 of CM 101. Ptfbologteal 
exflrruna&ro revealed 

leukocytic inflation of the ivmor. The patient was taken off 
study at mat point and cvouually developed reeurreni dise^ein 
the supraclavicular area 7 months after completing CM101 

* OT A 45-ye4T-o!d male treated with 3 J unitsTkg CMlOi had 
hepatocellular carcinoma previously treated wim etooosine and 
cispUUn and three hepatic lesions, one measuring 13 cm in 
greatest diameter. After two monthly tsctumem cycles, tbere was 
a measurable decrease in the siie of *ll three lesions, but this 
was niost reinarkahle in the smaller lesions. Overall, 
lion in tumor »*e was 25*. Approximately 1 h *fi*r CM101 
treatments, he experienced acute onset of severe pain m areas oi 
previous nixnor-related pain, necc»iiaiing premedkahon with 
Lv narcotics in subsequent ueatmcms. He developed progres- 
sive disease after five monthly cycles of CM10I. and study 
treatment was withdrawn. 

DISCUSSION ^ 
In selected animal tumors. CM 101 has been shown to bind 
,o malignant neovwcular endoiheJium and induce a rapid and 
severe local infUmmatory irsponse characterized by leukocyte 
chemotaxifi and tumor infiltration, smell blood vessel coagula- 
lion and destruction, and tumor necrosis and heinoT*age (11). 
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* subj-u Out CMlOl may 
* s-nutar to tug» levels of ftyswnuc 

nia and pulmonary ««£f« S*2L (8). Atoo. 

CM 101 >od»ce* ^ k, ^V^~TrL v«s sc*n i» « peti** 

T?^!^ ist^i- of ^ lunDi-speeific 

in 7 of 15 nealed paGctaa " «u«bw m mooc 

ajU^nuuioa. (ft Aniiiumor 8cuv»u was dcm«tttr*t«i By 

- ,T^S lT CMIOl arongly soppaas em 
10 ^ P* 6 *? "-SEni induct infUmmadofl. The »riy 

tympbocyte. (16). ton*. « 
TNfwr (1A Activated iwUlocyW* prwwcc — 

^JS?^ ( u). a ****** fonn. ^"^s; 

SW«hieed delusively by cymt^^v^d^do^Uam. 
tion is considered direct evidence f<* B™to*clW "f^^ 
«.«h maris vasculitis. *nd awctrf- Thus, the rajad efevanon 

linked U> the tumOtf OO- 

^vTiO, relatively wen tota»«d in nasi P^UsJ** 
^^ciues were abort-lived. ^-'^^T 

ZZ^om* not aooareat wid did no* »W* ar w he « to * fly 

ZSLtaral cardiovascular c^pi-"** induced by lhedni B 

^compromise. This impression » s«ppo«d ^» 

3X 6 iofcgy. and the eomn-«. occunencc ^^^^ 
thcrTapp^cd lobe a dwe-r«poiwe effect forcyto- 

CM10. and ^^"J^^^Toc! 

Inflanumuty cyu*i««. Given <* hyp«««» 



tea rL » Umf* weeUy for 

nq»d after just I vrtek «* ^f^^ M^racnsd treai- 

alw (equine fw*~ ^^^01 do«teBic»^ TetartM»l»P 
(12)- Tharfo«- ihei* are "^"J*^. to compound. 

lioo io future mudics. M ,i« «tase 1 study of CM101 

Currently, vrt aje cwuiw^ ^J^^'^Z ^L^ The 
- UekW schedule far 10 can*aw»ve wert«. it* 

want a «>ace »«eiuy . - , Wc believe Aat 

.ntbal CMlOl dose in Aai swdy » 3-3 *™» ta^eniy 

ta!padicsized ** » I-week ireatmeiii uticwal «»y alio*' 
niaxinwl induction of infUttunaiion. 

^ f^ce evidence f ^^^^L^Sof 

action of CMlOl io palicM» and to ****** > ^ 
aod schedule of thi^ncrw agau are under w»y. 
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Scan** Dotltn^Hm of Dr. Cart O- f JWV™ 



therapies. . - 

ssXJS^ rasss 

CM10J P-^^-^aSCl effect of i*bW 



11 An^ptetfttesucc^appliu^uoffe^ 

^ a^^cer th^pic. to**.* ~d> «- ■«» »-« m °" K 
„«ld, «d «fth anti-VEOT artbodh. CO™"--" *<»*>— *■«« -»~ 

Sfc.Fanwefrt. *<^. C.»».u».v. 333, pp. (2005; Exhibit K): 

"VEGF oliws an essentia! mto in devdopmental angiogHiesis md » 
.moorta^So a^*»tive bone anagenesis. SuKtamd wdence 

tumor cell lines w nude mice. Clinical maiswim v =y monoclonal 
of malignant are ongoing. Recently, a human!^ a^-^GF m^<^ 
«ntihodv fbevBcizomab; AvasTic) has been approved by the FDA as a ™sii^ c 
antibody (.DevBC^o™. . ^ combination with chemotherapy, 

treatment for metastatic coioreciat emu*. *u , . ri assocnated 

SStherniOTe VEGF is implicated in intraocular neovascularization assooaiea 
SSJ Apathy and age-related macular degeneration. 

12 to the present application, my methods and compositions target a protein 
— to pathologic vasculare of various types of tutors and shared by ft least hun^s, 



PAGE 63/119 ' RCVD AT 2/6/2006 11:03:24 PM (Eastern Standard Time] * SVR:USPTO-EFXRK/26 • DN1S:2738300 * CSID:40481 56555 * DURATION (mm-ss):5546 



@064 



. „ 615 322 6354 P« 8 

carl G Heller^wist 



S 7 01*3 



PBgif 7 010 , • 

w« «f action of GBS toxin during autogenesis, 

5746 (2000; Exhibit F). The attenuation v reasonably correlating 

action of my claimed methods. 

„ J la ** «n ~— — - **— "J 

are true, ana™ ,„-«, the knowledge that wilful false statements and 

farther that these statements we* made wirn the knowledge 

the like so made are punishable by fine, or imprisonment, or both, under Section 100 

J— Cod® and that such w,W — *— * 
validity of any patent issuing on this application. 
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CMlbl Treatment Overrides Tumor-induced tomuu.pnvU.ge Leading 

tD ApOptosis 1 wMteravist 2 

, — ». — . - r - ? r: : 

. - ,mt k* y n n VT F Ff.J and Biology [H-P. C t. c.y. rana*™ 

inwhichCMlOl b^een^n^d^ 

ABSTRACT 

CM101 a b**™l polysaccharide cKrtO^a produced fay pup B 

ir«^J». referr«3 to uS CBS tnsitt, ha* been shown U> target 
SSfi E~S£E- «*- comment (CU thereby indncujg 

Td^Stn muKnc tumor modol* I** from nMy canccr p^o^ 
J clinks trioJ with CM101 tndkated , slnufcr £ 
Zpr^eted inflammutlpn. To furth** our uodc^nd.ng 
SorJSjon ofCMlOl as antitumor a^c 

m^unrd by r*v«se 0«mt«ao»JCR, and hrunurwhistochenurfty drmutt- 
strated hfftr**- nnd scqoss^a of leukocyte Whale tumor W*%£> 
cxcb«P iumort exhibited an tocrauc in Vmdhig to ^ * 
derived P S3 DNA W wq-coce compared «Ufa 
lys^ in which oihihnai T no DNA binding ™ cbserrciL CM101 iirttenon 
ted to dtfWtd levels irf F»S protein within the tamort a* wdl « a decree m 
the expression or to* n>nd (fasL). ronficrmora, tuinor^ere W**" 
determined by terminal dcorynuctoorWyl traiisferaswnedtatcd niek end ta- 
bellns and DNA fmgmcntarton assyy* CoUc<tr«ty, ibese daiul jug*** (hat 
CM101 up-rcguIates pS3 in mmoNnfiltmtiiig Icukocyn*. lmtfatJn S n low of 
tnmur fann^ptrtW *nd consequently rendering the tumor 
Fa^ASV-mcdUted apoplOS^ CMlOt induced loss oT tumor imiminopnvTlegc 
through changes m the oqnnm Of leukocyte pS3, tumor Fas and fcsT- 
coapfed with ncovaauiuritis and leukocyte infiltration, constitutes a plausible 
molecular pathway for tow reduction observed in cancer patients. 



INTRODUCTION 

Infection of newborn infants with GBS a is associated with a lung- 
specific mflammalory response, pulmonary hypertension, significant 
endothelial cell damage, and capillary thrombosis. The causative 
agent associated with these symptoms has bt:en identified as a 
polysaccharide cxoioxin, which, when injected imo sheep, reproduces 
the hing pathophysiology observed in infected neomues (1-4). This 
observation led to the hypothesis that the binding of GBS toxin to 
embryonic nxepmrs of the newborn lung neavasculatiire induced an 
inflammatory response thai intimately caused ihe respiratory distress 
syndrome known as "early onset disease" (IV 1c was further hypoth- 
esized thai these receptors would be present in tumor neov^culature 
but not in mature vasculature, thereby rendering tumors susceptible to 
GBS toxin-induced inflammation. One active component of GBS 
toxin now referred to as CM101 has been further purified (5, 6) and 
shown to bind to human tumor neovascularure (7). The above- 
mcntiotied hypothesis has been substantiated in murine tumor models, 
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in which CM10J Aas «.een ^ Mmanstion tar- 

promate long-term ^1(8), we haVe d „ trate «J 

acting the mroor I ^ ul f ^ ( ^ e ™ scu , amre wito 5 mm 

.nd ^vaies J^V. d»—SSrt foi Icukocyl^s. 

C3a, whteh effectively fimctiorh. as a cnemoannu, a "' 

^^sThown to be coincident with ^-re^latum ofT^FR U 
mtfmc endothelium, leadme » «popto Bl8 «f «« "> 

CM101 does not bind to leukocytes, tumor celb. or normal cUh 
( ^ theexccpuon<rf S or«prlrr^er^U3] ^^J^^ 
no apparonl bioloeical effect on any ot these ceU types. The p53 
tur^ suppressor gene has been identified as a tonscn^l re- 
lator ofXnsrrean, effector genes associated with odhfrr prolrfer. 
ation nnd apoptosis (Rcf- 12 and roferencw therein). In response 
ra cdlular stress inclining DNA damage andlryrxnc^ transenptor. of 
pSS^opendent eenes such bs GAOD45 (13). P 2l"«" c »' (14. IS), 
KILLER/DR5 (16. 17). and Far (18-20) is up-icgvW. Expression 
of these gene products and others eomrnrts the cell to either cell cycle 
arrest, allowing for efficient DNA repair, or, ullernatrvety, apoptosis, 
elimhwrioe heavily damaged cells. Cellular proliferation m the ab- 
sence of repair may lead to mutations that promote the growth of 
tumors. It is known that sour* human tumors harbor mutant or uiactive 
□53 (21). In these rumors. pS3 has lost the ability io hmd 10 its 
DNA-bmding consensus sequence- and is therefore unable to activate 
transcription (22). Loss of p53-depciideni transcription could nceti- 
lively effect cellular homeostasis and could promote the proliferation 
of aberrant cells that might otherwise be eliminated. Although p53- 
independent mechanisms of apoptosis have been described previously 
(23 24), studies investigating p53 as an important component oi 
tumor suppression remain critical in (he development of cancer 
therapies. ... 

The significance of mutant p53 in tumors becomes mrportant xnlhin 
the context of immune surveillance and rumor immunoprivflege. Fas 
(APO-1/CD93) is a raemb>--r of die tumor necrosis family of type 1 
membrane proteins capable of eliciting an apoptotie response on specfic 
ligand interaction. The binding of fast or agonistic «dibodics to the has 
receptor protein initiates a molecular signaling cascade resulting m ap- 
optotic cell dearh (25, 26). Fas protein is cwistrtotively expressed m many 
tissues such as the liver, thymus, heart, and ovary (27). In contrast. fasL 
protein has been shown to be primarily limited to activated cell lineages 
of the immune system such as T cells (28, 29). B lymphocytes (30), 
natural killer celb (31), monocytestoacrophages (32), a^ immuJiop™- 
Icged tissues (27, 28, 33, 34). Recemry, blockade of the Fns/fasL signal 
transduction pathway has been suggested to rrfrdcipate in the esmbksh- 
rrBrd of tumor immunoprivilege in a variety or nonrymphoid human 
mmors (35-38). In the tumors examined, fasL was markedly elevated 
rhrmiehout the tumor when compared with Fas protein. In ft* manner 
the expression ortnmor fasL would result m the mducuonof apoptosis of 
the Fas-presenting immune cfTector cells and contribute to the establish- 
ment of tumor iTtimunoprivilegc (reviewed in Refs- 33, 34, and 39). In a 
striking example, fasl^posiove hepatocellular carcinoma cells nuaeascd 
h^nphocyte ceU death when Jurkat T cells were plated on bepatoceUt.br 
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ceils tavebeen^^-^^^ /^ inflalrmatory 
*« h ^-^f d ^i^ L correlated™* adhetenc, 
cytokine TNF-a. ^^^f ^ endodidid raffiai, S uBges"°g 

^ r^Th^rS oS^cs establish the up-rc^arion of 

!SSi 1) ^t^CMlOl ro»y be a potent mentor 
ftf a tamor-targeted inflammaiory response. 

jTSitart chat several molecular pathways are bkely to be 
JoWe/b. to establishment of Uimor iran.anopr.vneg* Several 
K^hL^e been sagged thM ir^lve fee taWUty of ««« 
KTSn-S-cV. the absence of wild-type p53 lo up-regrJate Fas 

3 T^dolate nch activity ft, the role of p53 u effete 
therapeutic strategics targeting tumor vascular abruption has become 

an area of great interest (21). . . j ,-fl_. 

In Oil lion, present evidence thai the CM Ol^ccd tn^ 
matory r^poosc elevated pJJ mRKA m mmor-infiltraung Icuto^cS^ 
rEo, of whole tuiDOr lysai* M ^that CM101 
n^tmem rested in an increase in p53 scquence^cific DNA binding 
compared with comrol whole rumor lysatas. This increase -n DNA 
binding correlated with a coiiccmirant irureise of total p53 m whole 
tumor Wsaws. In addition, immunoto^^ 

to CM101 trcarmeut tumors were immunopdvileged with high expres- 
sion of rasL and lime or no expression of Fas. However, treatment with 
CM101 down-refiolated fasL and unregulated Fas within the tumor cells. 
The date presented herein suggest *ai CM101 mtm«( reduces tumor 
innnunoprivilege through down-regulation of tumor fiaL, u^rcjtJahon 
of tumor Fas, and ^regulation of p53 mRNA in tuxror-infiltreting 
leukocytes Observations of rumor reduction in human cancer patient*, 
coupled with both inflananaiory cytokine and Fas/fcsL data from pre- 
and post-CMJOl treatment biopsies, suggests a similar mechanism of 
induced rumor apoptosis (43). 

MATERIALS AND METHODS 
Mice, Tumor Cells, and Treatment Protocol 

C57DU6 mice (body weight, 22-25 grams) were obiamcd from Taconic 
(GmnaDtown, NY) and moinndned flc me Vandcrbill Animal Cur* ftcibty 
according co established protocols. Th« B166L-6 murine melanoma cell hne 
used in this study waa obtained from the Tumor Repository of the National 
Cancer Icsriuite (Frederick, MO). BloTJl^S cells were «^.ided and briefly 
maintained in Eafite MEM (Lift Technologies. Inc.) supplemented Wish ,10% 
FCS (Hyclone). 1 mM DOnca-enUal amino acida, 1 «M MEM vitamins, 2 mM 
gluwmiinc, 1 sodium pyruvate, and 02% NaHCO, (all from Ufr Tedv 
o^giw,lniO.An!m^ lO? BI6BL-6 eel)3, and the 

tumort were allowed m grow for 5-7 days until palpable. Turner-bearing mice 
were randomly segregated into control and experiment group* and injected 
i v via the tail vein every Monday, Wednesday, and Friday wrth either PBS 1 Of 
60 'jig/kg CM10I, rcspeatvcly. Clinical grade CM101 was prtduccd k de- 
scribed previously (7). 

Leukocyte Isolation *nd RT-PCft 

{solarion cf peripheral blood leukocytes w« performed by gradient density 
cenmf.gniion according to me manufiicturcKs protocol (Sigma 
Samples were kept on ice during die entire iiolttflnpMOd. Total ccllubrRNA 
^T iB obied from purified leukocytes with the RNeasy MmiK.t (Qtfgen, 
Valencia CA) ttrtd militated, and cDKA was ^nLtoized wing the First 
UmA Syn^ Kit (Pharmacia Biotech). Tom! RNA (2-5 ^ « 
rtvene inscribed ai42 6 C with antisensc genc-specific pnmers forp^^ ana 



GCATCCTGAC-3- (s«se pnr^) -CACCT^ . 
ro ensure U^^ ^^PCRprt*^* determined for linear 

intcnial to the PCR primers. 



Elccrrophor.de Gel Mobility Shift Assay of Whole Tomor Lysates 

t„m l-VS NP40 1 5 nun MaCtj- 1 mm DTT, 0.1 mM EDTA. 1 mM pncrryi 
NaCl. 1% NfW, u»« j in /-.i f4M i and mainta ncd on iec 

mcthylsuironyl tfende. end 1 »^ H S^ B ^ HwB!B |, IB d 
for 30 min The samples were *cn expressed mrougB an id K-^fa 1 - " 
S rpn, for 10 mi.,. ^ *e prorcm carbon was 

by using the s-d^rd Bi^Rad « S1 y. The donble-s^ ohr,- 
SSde probe conteiiung the P S3 DNA-Wndiee sequence m A- «m» 
^,S. P gene pron ,ot<T (4S) *w «yn*e,ized and efld-labeUd wUh 
P'PIATP ty T4 kinase (Promega Corp.) DNA olnding reason* conuuTcd 
^0 u? of whVle uuner lysan, m 1 x bhufing buffer [20 mM Tns (pH 50 
«m NCI, 5 m M MgCU, 1 rr,M rylT. 0.5 mM BDTA. and 30% glycerol] and 500 




>U.Metter.R.K.Mn, mi CO. UeW^ ofeOT » ,iM5 - 



Fit I. Immunotocli^Uon of CD45H»«iive cells ta BlfiBW ,u^i»n« lumm. 

SS^) M «>a. i^l Bene. W "^.oS" 
™.<f.f,m IK3 HftP In a representative mmor cxci«rf irom a CMIDi-maica i™"*- 
^t^Mv .^Suni k JZZ. -iAin *c ^..or m^hium. Bar. 30 ^nu mnsn-A- 
C^lian. *40Q. 
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CMIM ABIATKS TUMOR iMMUNOWlVIUifln 

cncus^d^^ ^incubated «fth 6 tf* 

^ C ^^^rS with bo^cey -niiff* igG (biotin^ug^) 
, UAs were rinsed m PBS, H*M-wre and then rinsed again 

wife PBS. Vision ^ £^ wcrt ccx^iUbcd wi* 
fallowed by incubation with DABW 2 Qa- J 
0.5% methyl prat, dehydrated, ^ rriounte* 



, , - o_y,/»rin mKNA irolaicd XOtsU circulating 

leukocyte* frnm »on.Uunor-bcuing C«BU6 mra > l« y y b 

implliloirtim so*^ " » „j „TWA tallied from circulating 

^crtanv^rrro «perime«rs. *C positive conwL 

tig of shared. single-Stranded ENA. A human ^k 0 ^\ KWr- ™ tt ^ "^J^?*' 
S ■ »-» Cruz Biowchoology) was used m ■ postcentral ^ bmd>n& 
^labeled double-stratuied probe In execs* was used « ■ 

binding region. *erc visual by auu^oeraphy afier 
resolution on a fiW0.2SX TrU-honiW HDTA polyacrylaraute gcL 

In.raimol.lot An«l}*b «rpS3, Fas, ami Actio from Whole 
Tumor Lymtes 

Whole tumor lysHWS were prepared as described above fiq^l ana* ^of 
total protein were loaded on each toe ofa oinigcl and senaaied on a 4-15% 
9DS-PAGF (tol (Bio-Rad). The prolans were docttabloited onto a vofywyb- 

D53 and*™. 150-MrJtCL 10 mM Tri S (pH 7J)s for Fas, 250 mM NaCI, ,10 
lm TrisfeH 7.5)] contammgO.^Twer^Ofbr 1 harro^wmncr^e Th= 
membrane was '.hen incubated for 1 h at room ten^nirc with mth« rabbit 
an«i-p53 polyclonal anybody Fl-393, goat anii-actin polyclonal BnUbQdy I-1S. 
Tr»lbi^-F« polyclonal arnfto* N-20 (all from Santa Cruz BtotcctaoU 
L) dUuicd l:«C 1 in the respective PBS buffers described above. Incubate* 
v*h anrirabbi; HRf -conjugated laG tfbf p53 and Fes) or aungO* " 
ecarjuMtcd IgO (acdn) diluted 1:6000 was performed for 1 h at room lempcr- 
^nrrnmoreacrive bands were visualized by enhanced chen^mr^ 
(Amersham life Sciences). The membrane «a» stnpped wuh02N Na(»t for 
5 min and wished wilh PBS between individual anlibody incubanons. 



ImmunOllUtacbcmiltTy or Tumor Tbsnc 

FasffiuL. ImrnuiutoirKhemical analysis was performed with the wirorntted 
Venona Irr^ioluaBchimical Slaincr according to Ihc minu6wurw' B su^^ 
prorocob (V«u^ T.scon. AZ). Tumor sxnonV ^) v,en . d ^^J^ ( 
2 h at 75°C followed by three chanecs of xylene for S mm each. rJu>* change* of 
1 00% ertanol to 5 min, $ itiln ta 95V. cAmol 3 min m i <q. waler, ^ ^^3 
,„in ia V^ana-s APK buffer. The samples were blocked for M rnm* 3TC>«* 
S% BSA. washed, and then incubaied for 32 min at 37'C wiui lh* ar^ropriaiD 
dfluced (1:100) antibody [rabbit anti-Fas or rabbit anfl-tasL (bom ftom Santa CW 
BioUChnoloEy)]. Normal rabbit IgG was used as a ecorol For DAB dececUOO, d« 
sKdra were mcuborcd in 1% HjO, for 15 min before blocking with BSA. An 
avidiVbiodn blocVcr (Ventana) was applied ro the samplea for 8 min iTU 
followed by ineubarion wid, the a ppropria>= biwrn-conjUgaral seeOBdary anUbwly. 
For Fast Red visual™.**, the samples were meubnted for 12 ffln, wub a«dm- 
coniugaicd alkaline rAoSpnarase. washed, and tocubated wim Veiirana Bjhaneer 
4 *in, foU^ rTuVcubarion in Fast Red A/naphmol (Venona) for 8 m.n. 
FaslRedB was men immediately added faanadnilirjnal Srnm Trwssarnples wire 
washed, ccunuasmined wirh hemaUwylm, dehydiuwl. ™i moiaucd »tolucne- 
600 tnouniir* mediuno. For DAB visualization, 0» sea.onS ^«^f^1* 
avidin-HRP for 12 min at 37°C. washed, and (hen incubaied wtdi DABTH-Qi for 
an addidonal 8 nun. The sections wore finally incubated wi* a copper enhancer 
(Verdana) for 4 min, washed, contained wilh ben^lin. and rocunted. 
FboMigraphie doeumenlation was performed with an Olympus mtcroseone ouiC- 
rcdwiih an Olyi^pm 3.0 digital camera and software. 

CW? Tumor socio.* were deparafnntod in xylene; » 
m4adc<hall0 l series, ardrirsedwuh PBS. The slides W ere to. Mucked 



Apoptotic Indices 
was 

DNA with ^^Jffi^S^p*^ K (20 MAnl in 10 

mixture widtOUt TdT was used us \^^^^^fZ 
^j,™ rLifc TedmobMes. Inc.) was diluted 1:1000 In 1* 1*»> icon- 

.empcrolurc Vuualizatioa of apoptodc nuelc. was P-*"* «"* 
NOTVSCrP (Pierce) undl sufficient color development occurred. High molee- 
^Sr D^ was isoUtxd from mouse tumur ^e by Jya,'^ « , a buffer 
eonutrnl^ 100 mM Nad 10 «M Tris <pM 8.0). ^^"^ 
100 us/ml proteinase K. The lysaies were incubated for 4 hat aO^C psean- 
rjw^Sanol, n^aspundcd in 10 mM Tris (nil 8.0)1 mM EOTA. and 
quandtated and nnulyxd on a 1.5% agarose gel. 

RESULTS 

Infiltration of CD4S-pO S ltrve Cells into B16BL-6 Mdanomn 
Tumors after CM101 Treatment. Consistent with our previously 
reported data in Other tun-ur models (6), CDAS-posiuve cells wcw 
fevmd to infiltrate the B16BL-6 tumor after treatment with CM^ 01 
fFig. 1A). However, in tumors isolated from mice treated with PBS, 
letitoeytes were evident within the lumen of blood vessels, but no 
marginatiort of the vessel wall or infiltration of the tumor was ob- 
served (data not shown). 

Un-Refiubuion of Leukocyte j>5? mRNA. In peripheral blood leu- 
kocytes isolated from r^rtunjor-rjearing C57BU6 trice measurable 
levels ofp5J rrflNAv^ detected by RT-PCR in all animals tested (F.g. 




Free DNA 



trcSKd Vysalt served fcS a posiM^ contrt)\ Br pii uina oibubib v % 
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^ /-5> Similar analysis of peripheral blood feukocyt* plated 

KowW these Ocular techniques do not indicate whc*er or notthe 
SS' pTs^cies is rmnscnptionaUy active. Wliole cell lysates from 
SELlanW cells were test* forth* ability tobmdtoth^ 
-.MWT^/^jrfved p53 DNA-binding consensus sequence. No DNA 
todkg was observed when compared wifl.^ equal ^^° n 
Slysaie prep**! fern human C32 phorbol ester-rnduoedcelMd^ 

that the P 53 expressed in these cells is a mntam phetwrype Wd is 
■hertfore unable participate in rrfWependent pathway 
However, low expression of wild-type p53 «nnoi be rated out. TtaH* 
distent with the results of several studies exploring (he role of p53 
transcriptional activity in tumor growth suppression (22). 

VVbole tumor tysate* were prepared from ammak treated ^ 
day Wednesday, and Friday with PBSorfiOMgfcgCMlOl and subjected 
to the elcctrophorctic mobiliiy shift analysis assay with the murme 
21 w,n/cipi_ derived DNA-bindinB sequence. In two independent 
experiments, whole tumor lysates from PQS-tnaaed mrnals demon- 
sbited a W background binding (Fig- U Lane 1 and Fig. 3fl, Lan« 2 
and 3). However, whole tumor lysates from CMlOl-treated antmals 
exhibited al least a 2rfbld increase in p53-Specffic DNA binding tFig- 14. 
Lams 2 and 3). p53 DNA binding in experiment J was rao* vancu 
among the five tumor extracts analyzed (Hg. 3A Lanes 5-P). The 
resulnng shift* could be specifically competed with excess unlabeled, 
specific competitor DNA. No binding was detected in a liver lysate from 
a CMlOt-oeatcd animal (Fig- 34 Lam 4). 

Increased p53 and Fw ProteiM in Whole Tumor Lysates. To 
account for the variability of p53 DNA binding observed in experi- 
ment 2, Western blot analysis of total p53. Fas, and acta m whole 
tumor tysatcs was performed. No significant difT erenccs m the amount 
Of rumor acta protein were observed among xhe tumor lysates exam- 
ined (Fig. AA, bottom panel). Animals treated with PBS demonstrated 
an even distribution of tumor p53 protein, although three of five tumor 
lysates from CM1 01 -treated animals exhibited an increase m p53 
protein (Fig. 44. toppanel). In the context of uniform acta detection, 
Uie differences in p53 protein levels are most likely the result of tn 
vivo responses to CM101 and arc not associated with protein quanu- 
tation or transfer to the polyvinyUdcne diflvoride membrane. Whole 
tumor lysates thai exhibited elevated total p53 protein levels corre- 
lated with those lysates thai demonstrated an increase in p53 DNA- 
binding activity. Increased levels of Fas protein were also detccu?rliD 
the same tumor lysates of CMlOl-trcaled animals when compared 
with tumor lysates from PBS-ucated animals (Fig- 4A - imddlepcaKl). 

laimunplocalixatiftn of Fas aud fasL. The increase of Fas protein 
within whole tumor lysates suggested that a mechanism ofactjonof 
CM1 01 might be the reduction of immunoprivilege established by the 
tumor. RT-PCR analysis of B16BK rumor cells obtained in vitro 
indicated these cells express fasL (data not shown). Before CM101 
treatment of nimor-bearing mice, expression of fcL is distributed 
throughout the tumor (Fig. 5/1), and the pattern of cytoplasmic stam- 
ioa is localized exclusively to the tumor cells, b. contrast, the expres- 
£ ]R* piotd, was not detected (Fig. UQ. These 



CMI01 ABLATES TUNtOR IMWllNOPRlVlLTiCE 

«. pt pm analysis. After CM101 treatment, a 
consistent with ^^SSL^ observed (Fig. 5Q. Some 
significant decrease m tumor cdl fitt- ™* m nnmber of cells 
„ -lis were ^po-nj Jj-U*^ ^ wlh me 

Normal rabbit TfiG did not f f ^ wjthin 

Apoptosis Indications. Increased expression oi raa pi 

in the PBS-freatcd tumor eramned (Fig- &4) k uwasc * ~T 
fe5 STSle «me tumor before TUNEL mbelrng served** a 
^ve control (Fig. 6Q. In the CMlOl-^eated tumor, a 
^bcr of TUNELrpositivc nuclei with a distinctive pmern ^iBbelmg 
w^dem (Fi&S- 1*>^°» ofhigh molecular weight mmor DNA 
Zm ffiS^S ^antaus indicated no DNA fruition (Fuj. 7. L** 
K^JnLr DNA isolated from a CMlOl-rroMed atmnal exhib- 
niSSnt stnearine of high molecular weight DNA and the gener- 
ation of the classical DMA ladder (Fig. 7, Lane 2). 



DISCUSSION 

Our previous experiment* in murine tumor models demonstrated 
that repeated i.v. infusion of CM101 resulted in a significanl 
reduction in tumor volume of human t^or xenogrtfts (7) and 
promoted the long-term survival of B ALfl/e mice bearing Madison 
lung tumors (8). In response to CM101, significant capillary 



PBS 



CMlOl 



Tumor # 




actin 




hrJS A?^mL0b^^ttyt\i- Whole ror™ taw. p«prrt ^^J.SaT 
O^Ol-u^ rdiccwert s^amt^ with 4-1 SV. SDS-?AGE follTwrd by immiao^- 

EL enc «poril-c« (for *« PBS »mpW. » = > «>: p», 

S£ ! r^-"0S n.lalvc » PBS: .-./>- 0.0J rulati-s » PBS. The n 6 u« , S 
rcpcescffllinvE Of «"» imlcpei"i=nl atperimclKB. 
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thrombosis, hemorrhage, and endothelial cell damage were ob- 
served within the tumor vasculature, with no evidence of toxicity 
to the vasculature of other organs. Furthermore, CM101 also 
induced an inflammatory response with increased numbers of 
leukocytes within both the rumor vasculature and the tumor itself 
(0). CM10I has no effect on normal physiological neovasculature 
such as that occurring during pregnancy (48), or wound healing 
(49). Recently, we have demonstrated that CM 101 binds within 5 
min to the endothelium of newly established tumor vasculature 
(11). CM101 activates complement C3, allowing activated leuko- 
cytes to adhere and extravasate into the tumor. This ability of 
CM101 to promote leukocyte adhesion on otherwise leukocyte- 
adhesion protected rumor vasculature (50) initiates the breakdown 
of tumor imrnunopriviiege (11). Therefore, these observations 
Strongly surest that CMiOl selectively targets and inhibits path- 
ological and not physiological nngiogencsis through the engage- 
ment of the tumor endothelium. Up-regu!ation of TNFR II on the 
mature tumor endothelium, concomitant with infillration of TNF- 
ot-expressing activated inflammatory cells (11), provides support- 
ing evidence for CMIOl-induced tumor apoptosis mediated 
through targeting of the vasculature- Indeed, a time- and dose- 
dependent systemic elevation of the inflammatory cytokines MIP- . 
lot, TNF-a, JL-6, IL-8, and 1L-10 has been demonstrated in human 
cancer patients in a successful Phase 1 study with CM101 (5 0, 
indicative of an activated tumor-targeted innatnmatory response. 
Elevation of plasma levels of solubk-E^electiu provided further 
proof for engagement of the tumor endothelium in the inflamma- 
xory process (52). The fact that CM1Q1 Phase I cancer patients 
experienced tumor-localized pain and that tumor biopsies acquired 
from these same patients before and after treatment showed tumor 
infiltration of inflammatory cells after CM101 treatment (43) cor- 
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roborates a mechanism of tumor-targeted inflamraatioru The sim- 
ilarity of the apparent tumor response in human cancer patients and 
tumor-bcaring mice to CM101 treatment prompted a closer exam- 
ination of the role of CMIOl-induced inflammation in the break- 
down of the irnmunoprtvilcgc imposed by the tumor. 

Circulating peripheral blood leukocytes obtained from tumor-bear- 
ing mice do not express p53 trRNA, in contrast to non- tumor-bearing 
mice, which do express p53 mRNA (Fig. 2). However, within 60 mm 
of CM10I administration, elevated leukocyte p53 mRNA was de- 
tected that coincided with leukocyte (CD45-positive) uTfihration of 
the tumor (Figs. 1 and 2). PBS treatment of tumor^iearing animals did 
not elevate peripheral blood leukocyte mKNA T nor did it cause 
leukocyte infiltration or the tumor. These observations suggest thai 
transcription otp53 in immune effector cells is suppressed in tumor- 
bearing mice, and the consequences of this suppression contribute to 
the tumor iinmunoprivilegc. 

Blu-FlO melanoma ceils in culture express low but detectable 
levels of p53 protein and little or no Fas protein (47). RT-PCR 
analysis of cultured B16BI-6 melanoma cells revealed a positive 
signal Tor both p53 and/ajt mRNA; however, no Fas mRNA could 
be detected (data not shown). Additionally, p53 protein in these 
cclU is unable to bind DNA as determined by a specific DNA 
binding assay. p53 binds to DNA in a sequence-specific manner in 
response to a variety of extracellular signals initiating the tran- 
scription of genes associated with cellular proliferation and/or 
apoptosis (13-20). In the DNA binding studies described here, we 
used oligonucleotides representing the consensu* p53^bmding she 
in the murine p 2l w «" c *- t gene promoter known to be induced by 
p53 (14) Detection of a p53 sequence-specific DNA complex 
would $erve as an indicator of active p53 within the tumor After 
CM101 admmistratioTi, whole melanoma tumor lyaatcs exhibited 
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an increase in P 53-specific DNA binding activ,ty when compared 
with whole tumor iysates from PBS~lreated animals (Fig. 3), Those 
extracts that demonstrated an increase in DNA binding achwry 
also hud an increase in the amount of total p53 protein. Because the 
tumor-infiltrating leukocytes demonstrated an up-rcgulation of p53 
inRNA, they could constitute the source for increased p53 protein 
activity within the whole tumor lysatcs. 

Within the conte*: of the experimcrits described in this report, it a not 
entirely clear how the up-regulation of p53 roANA in the mfiltranng 
leukocytes corjtributes to CMlOl-icoMced apoptosis of the tumor cells. It 
is possible that the suppression of a host wild-type pJ3 allele in the tumor 
cells is overridden by the sequence of events associated with the tumor- 
rarEcted inflamrnaiory response induced by CM101. Therefore, immu- 
nosuppression induced on the host by the tumor may be overcome 
through the. activation of a suppressed wild-type p33 allele in ttits mela- 
noma turner cell that is not seen tn vitro. 

Studies by others of human colon and esophageal tumors have dem- 
onstrated that immune evasion through aheration ofFas/fesL expression 
is a possible mechanism of tumor growth and survival (35-37). Human 
esophageal carcinoma rumors displayed evidence of apoptotic CD4S- 
posiuve tumor-inffltrating lymphocyte* in regions of the tumors with 
elevated tasL expression. In conlrast, fasl^nefiatrvc regions of the tumors 
were positive for mfflrj^rmg CD45-poshive cells, with no evidence of 
apopiosis. It has been suggested (40, 43, 53) that fesL-mediated depletion 

1 2 M 



of tumor-infitoung immune cells might contribute to tumor injrromo- 
privilege. The data presented herein support and expand on these studies. 
Wnunolocalization studies clearly show thai after CM101 treatment. Fas 
protein is distributed rUrougjhout the mmor, which was previously uega- 
nvc for Fas protein expression. The elevated fesL protein seen m the 
tumors before CM] 01 treatment is down-regulated after CM10I treat- 
ment as the tumor becomes apoptotic, prcsumabry via Fas-fesL interac- 
tions* The targeted inflammatory response induced by CM101 overrides 
mc mrmunoprivilege and may be a plausible explanation for its antitumor 
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Increased p53 activity has been correlated with Fas expression 
(18-20). Our data also show that leukocytes targeting the tumor 
vasculature after administration of CM101 have elevated /tf-J raRNA. 
These leukocytes may have the potential to deliver known or other- 
wise unknown p53-dependent effectors associated with apoptosis to 
the Fas-positive tumors cells. 

Indeed, the development of therapeutic strategies reintroducing 
wild-type p53 into p53-deficient tumors is an area of great interest. 
Recently, adenoviral delivery of p53 mco human colon cancer cells 
has been reported to inhibit tumor-induced angiogenesis (54). How- 
ever, CM 101 is unique in that it stimulates me irniriune system and 
targets and delivers leukocytes with elevated p53 mRNA to the tumor 
via the tumor ncovasculature- This specific antipalhoangiogenic 
mechanism of action leads to an apoptotic response in the tumor cells 
and in the endothelium (II). 

The p53 DNA binding experiments with whole tumor rysatcs and 
the inununohistochermstry of tumor sections after CM101 treatment 
show that p53 activiry is elevated within the tumors, fasL expression 
is reduced, and apoptotic ramoT cells arc present The mechanism of 
up-regulabon of transcription of p53 in the leukocyte* of tumor- 
bearing mice and the issue of whether the same mechanism would 
apply to the onset of apoptosis in human tumors as observed previ- 
ously (43) remain to be elucidated. Attempts to address this issue are 
in progress in p53 knockout mice. 
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T cell induced tumor ablation in naive mice 




24hrs post WBC injection 



T cells from mice immunized with HP59-derived peptides and resistant to repeat i.v. 
infusions with B16 Melanoma cells were i.v. infused in naive mice carrying melanoma 
tumors in cutaneous windows. BJbodamine G was injected 5 min prior to infusion of the 
donor T cells Extravasation of florescent T cells into Tumor interstitial space was evident 
15min post T cell infusion. Infusion of Rhodamine 24 hours post T cell infusion 
demonstratesd that the tumor and its vasculature ablated. 




ATLUB0J182W6.1 

PAGE 721119 * RCVD AT M2006 11:03:24 PM [Eastern Standard Time] » SVRiUSPTO-EFXM' DNIS:2738300 ' CSID:4048156555 » DURATION (mm-ss):5546 



Ig] 073 




seminars in 

CELL & DEVELOPMEMTAL 
BIOLOGY 

Seminars in Cell & Developmental Biology 16 (2005) 554-563 ^.dsevief.coinrtocate/acracdb 



ELSEVIER 

Review 



Hypoxia-induced dedifferentiation of tumor cells - A ^chanism 
behind heterogeneity and aggressiveness of solid tumors 

Hakan Axelson 3 , ErikFredlund 3 , Marie Ovenberger*, 
Goran Landberg b ,SvenPahlman • 

Available online 26 April 2005 



Abstract 



cel. myology, cell size, nuclei morphology, ^^f h S7^^-*i^ 
tectaiquesfimher swngthen the actual presence of phenorypie h £ e ™6e^0TOnawn b ^ rio ^ eavin) omental compwems. 

ThemX^armeeharu^uflderl^ 

Hypoxia, shortage inoxygen, greatly itodfc^^^^gg ^ m solid tumors 

X^and uiXtnWreell diversity as revealed by the pronour^d ^^^ e ^ e ^. Hypoxia - a key regulatory 

^viewed in [Semens GL. Targeting HIF- . ™^JJ^^^ ta ^^ kSSlly i» me surrouudu.fi 

fector in tumour growth. Nat Rev Cancer 200^38^^ ^^^^^^ than corroding tumors that are 
non-malignam tissues, and tumors exhibumg extensive hypoxia ™J™[ SI Adv Exp Med Biol 1996;388:341-51; 
better oxygenized [Vaupel P. Oxygen transport in ^.^^^^^^^^^^^.^59.1 We recently 
Vaupel P?fhows O, HocokelM. Treatmen. resistance* sohd tumors: '^^^^^^^^^ aevelop stem cell-like 
ob^dthatbyp^cnewoblastom^^ 

phenotype, [Jogi A, 0ral, Nilsson H, Lindeheim A. MakmoX Pocllmg* :U " f "^^^"^^to k, Kronblad A, Jogi 
lus tZrd an immature and neural crest-like phenorype. Proc Kt ^^^^r^ Sid-* * Cancer 
A, Nilsson E, Becion*, S Landberg ^'^^^^""^^j^^^^^^^^^Ji^B^M^ta luZ «o poor prognosis, oypoxia-mduo* 

™ The ef&ct(s) of hypoxia on t«mor c=n differentiation stato « the focus of .his r^^. 
© 2005 Elsevier Ltd. All rights reserved. 

Keynnh.- Hypoxia HffitffcK Neuroblasro.™; Svmparhedc nervous >vsrcm; Bre asr carcinoma; Hg-liHIM. 

Contents 

555 

1. Intra-tumoralphenorypic heterogeneity 555 

2. Cellular adaptation to hypoxia ■• ■'•'''*"■,,' 555 

3 Hypoxia promotes an immature stem cell-Kkc phenotype in neuroblastoma cells . . ^ J5S 

3.L Neuroblastoma derivation and development of the sympatheuc nervous system - - . . . . . . - ■ - ■ • • • • • • • • ^ 

22. The liypoxic neuroblastoma phenotype • • — Lill—'liiu 557 

33. The cffccTof low glucose on hypwia-indixceddedifferennanon of neuroblastoma cells. ^ 



3.4. Hypoxia conn*Ebutes to tumor heterogeneity . 

• Corropondins ™» 40337403; ft* ^40337322. 

E-mail address; svcn.pahlffl»n@molmed.nws.1uje (S. Pihlman). 

1084-9521/S - see from matter O 2005 Elsevier Led. All rights reserved. 
dotlO.l016TjJiernnah.20 05 - 03 007 



PAGE 73/119 * RCVD AT 2)6/2006 1 1:03:24 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/26 ' DNIS:2738300 * CSID:4048156555 • DURATION (mm-ss):5546 



02/06/06 23:30 FAX 404S156555 KS ATLANTA 0074 



H. Axelson et ol fSnmnafS in 



Cell A Developmental Biolo® 16 (2O05) 55^563 



4. 



ai»^»«»^^p^^^'r , ™' ns, '° ::::::::: 

Concluding remarks 

Acknowledgements ' 

References 



555 

559 
559 
559 
560 
560 
561 
561 
561 
561 



1. Intra-tamor»lphcnotypicheterogepaty 

His generally believed thai tumor development occurs in a 
stepwise manner, with a progressive accumulation of generic 
and epigenetic changes. The driving force in this process is 
tfieselechonofccllswifc^ 

leading to successive clonal expansion of tumor cell popula- 
tions (Fig. 1). It is the accumulated, combined effects of these 
changes thai lead lo a full tumorigenic conversion. In some 
tumors, such as colorectal cancer, detailed molecular charac- 
terization of genetic events leading to the different stages of 
tumor development has allowed for a rather elaborate model 
outlining major sequential events from early adenoma into 
invasive carcinoma [7]- In most other tumor forms only few 
crucial genetic changes have been defined due to their consis- 
tent appearance, while the full picture of associated genetic or 
epigenetic changes remains more unclear. In most tumors and 
also in the case of colorectal cancer, there is a considerable 
variation in the prevalence of the genetic changes. In addition 
there seems to be a considerable intra-tumoral generic varia- 
tion within a given tumor. In advanced colorectal tumors for 
example, intra-tumoral heterogeneity regarding somatic mu- 
tations was detected for several genes including central play- 
ers, such as p53 and K-nxs, and multiple genetically defined 
clones were detected in the same tumor [8]. The mechanisms 
behind intra-tumoral genetic diversity arc not clear, but they 
certainly play important roles during tumor growth, ui par- 
ticular when the tumor is challenged with different cytostatic 
agents- Furthermore, we are just beginning to understand the 
interplay between tumor cells and surrounding normal cells. 
Accumulating data indicate that albeit tumoT, and not non- 
transformed, cells harbor genetic modifications, the pheno- 
types of the surrounding normal cells are profoundly changed 
[91 demonstrating the potential importance of non-genetic 
events determining in vivo tumor growth. 

Hypoxia represents an important condition that promotes 
both to intra-tumor cell heterogeneity and development of 
stromal and vascular support of solid tumors. Hypoxic re- 
gions develop in poorly vascularized areas of the growing 
tumor and thus only affect a subset of tumor cells. In hy- 
poxic cells the phenotype is dramatically changed and sev- 
eral lines of evidence indicate that these changes significantly 
contribute toclotial selection duringtumor growth (Fig. I and 



ily have a non-genetic cause, as will be further ^ssjd m 
this review, hypoxia has been shown to cause genetic mstabil^ 
ity presumably by affecting ihe expression of genes involved 
in DNArepairmechanisms [10,1 1], but also as ac*nsequenc* 
of increased reactive oxygen species (ROS) production [12]- 
Thus hypoxia will affect tumor cells both genetically and 
epigc^etically and contribute to tumor heterogeneity and ag- 
gressive growth patterns. 



2. Cellular adaptation to hypoxia 

As discussed in more detail by others in this issue, cells 
can adapt to low oxygen levels by changing their gene ex- 
pression patterns through a transcriptional response path- 
way mediated by the hypoxia inducible factor (H1F>1 and 
the related transcription factors HIF-2 and HIF-3. The a- 
subunits of these heterodimeric factors become stabilized 
and activated under hypoxic conditions, and form com- 
plexes with the consUtutivcly expressed transcription factor 
ARNT/HIF-lp [U,13]. At normoxia, the HlFa subumts arc 
hydroxylated at specific proline residues by one or several 
of four known oxygen-dependent prolyl hydroxylases, PHD 
1-4, which leads to H3F interaction with the von Hippel- 
Lindau/E3 ligase-ubiquitmation complex and degradation of 
Ihe ubiquinated HIFs via the proteosomal pathway [1 3]. The 
iransactivation activities of HIFs are also regulated by hy- 
poxia, as an asparagine residue becomes hydroxylated by 
an oxygen sensitive asparagyl hydroxylase, leading to a re~ 
duction of the HIF transcriptional activity [14,15], Thus, the 
oxygen dependent regulation of HIP activity is complex and 
occurs at several levels, and as will be exemplified below, 
appears to differ between HIF-la and HTF-2a and between 
different cell types. 

3. Hypoxia promotes an immature stem cell-like 
phenotype in neuroblastoma cells 

J J. Neuroblastoma derivation and development of the 
sympathetic nervous system 

Neuroblastoma is a tumor of the early childhood- It has 
been recognized and exrensively studied muc* due to the 
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high frequency of spontaneous neuroblastoma cell matura- 
tion convening the tumor into a benign form, ganglioneuroma 
[16] Primary tumor localization and a detailed characteriza- 
tion of marker gene expression of developing sympathetic 
nervous system (SNS) cell types in comparison to the ex- 
pression of these genes in neuroblastoma tumors, reveal ihat 
neuroblastomas are derived from SNS precursor cells [1 7,1 &]. 
Thus, neuroblastomas can phenotypically be viewed as im- 
mortalized SNS neuroblasts, and (he detailed knowledge of 
patterns of SNS marker gene expression allow us to mom- 
tor changes in neuroblastoma differentiation status, which is 
important for the discussion of the effects of hypoxia on the 
neuroblastoma cell phenotypc. The SNS originals from ihe 
neural crest and the three major SNS cell lineages, the gan- 
glionic/neuronal, the chromaffin and the small intensely fluo- 
rescent (SlxO lineages are derived from a common precursor, 
the sympathoadrenal precursor cells [19,20]. Ganglion cells 
constitute the ganglia proper, i.e. the SNS chain and trunkus 
ganglia where also the SIF cells localize, either solitary or as 
nests of cells. Ganglion cellstoeuroblasts are also present in 
the developing adrenal medullary gland and form that organ 
together with the adrenal chromaffin cells, which is the major 
adrenal cell type. Extra-adrenal chromaffin cells build up the 
paraganglia, which are pre-natal chromaffin structures that 
involute or become reduced in size after birth. During this pe- 
riod, paraganglia are the major source of catecholamines, and 
in humans, their catecholamine-producing role is taken over 
by the chromaffin cells of the adrenal gland 2-3 years after 
birth [21]- Noradrenalin and adrenalin, the two major caiec- 
holcamines produced by the SNS, are involved tn the regula- 
tion of the blood pressure, which in mm is indirectly regulated 
by ihe oxygen sensing carotid bodies. Tyrosine hydroxylase 
(TH) is the rate-limiting enzyme in the catecholamine syn- 
thesis, and in catecholamine producing cells such as those of 
SNS derivation, 777 transcription is induced by hypoxia. Tn 
our studies, we have therefore used TH as a marker of devel- 
oping numan SNS cells, and in neuroblastoma cells increased 
Session Of TH has also served as one marker of hypoxia. 



3.2. The hypoxic neuroblastoma phenotype 

A small subset of neuroblastomas forms frequent lobnlar 
structures with central zones of necrosis. In such neurob- 
lastomas, tumor cells with a neuroblast^ phenotypc convert 
progressively into cells with paraganglionic/SlF cell features 
in hypoxic regions [22,23]- We have hypothesized thai fa* 
process could be facilitated or driven by hypoxia [24]. This 
hypothesis was nourished by the discovery of H1F-2ol and its 
involvement m murine sympathetic development, and its re- 
s tri ctive expression in developing SN S ganglia during embry- 
onal days E10.5-E12.5 and in paraganglia during E14.5 and 
E16.5 [25]. We have confirmed the selective HlF-2a expres- 
sion in the developing murine SNS, and recently we showed 
that HIF-2a is also selectively expressed in human fetal para- 
ganglia [546] at week 8.5, a stage that developmental^ cor- 
responds to Ihe mouse E14.5-16.5 stage [27]. 

In an attempt to test the hypothesis that hypoxia drives the 
neuronal to neuroendocrine lineage shift seen in the subset of 
neuroblastomas described above, we exposed a panel of hu- 
man neuroblastoma cell lines to hypoxic conditions (1 % oxy- 
gen) [5] and monitored the expression of sympalhetic chro- 
maffin differentiation marker genes such as chwmo H ranin A 
and* {ChrA^)JGF-2 and TH [17,22]. Although boih JCF-2 
and TH expression increased in hypoxic neuroblastoma cells, 
suggesting a chromaffin phenorype [5,28], the expression of 
the key chromaffin marker genes ChrAJB were downregulaxed 
together with a number of ganglionic/neuronal markers such 
as NPY, CAP-43 and SCG-IO. [5,29]- Importantly, also the 
SNS lineage specifying genes HASH-1 and dHAND together 
with MYCN were downregulated at 1% oxygen, which taken 
together could suggest that hypoxia push neuroblastoma cells 
towards a more immature phenorype. In line with such an in- 
terpretation, hypoxia induced the expression of known neural 
crest-associated genes such as Id2, Notch-1 , Hes-1 and c-kit. 
Based on these data, we proposed that hypoxia in neurob- 
lastoma cells induces dedifferentialion rather than paragan- 
glionic/StF differentiation, leading to the development of a 
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stem cell-like phenotype [5], while fee 
Sr2. known hypoxia-indaced genes, * part of a general 
SL'n^ to hypoxia of these SNS 

In follow-up studies employing micro-anay technique to 
the egression of approximately 17,000 genes and 
ESTs in SK-N-BE(2)c human neuroblastoma cells, we could 
confirm that hypoxia induces a general response seen in most 
ST^iodiSion of genes involved in the acute adapta- 
tion phase, e* promotion of glucose 
ysis, and in long-term adaptive responses, e.g. induced cat 
ccholamine production and factors promoting angiogenesis 
T291 We further found that several neurenayneurocndocnne 
marker genes were down-regulated, including genes encod- 
ing the neurofilament proteins, which in this context is an 
important observation, as neurofilament expression is clini- 
cally used to histopaihologically identify tumors of neuroen- 
docrine derivation- The down-regulation of neurofilament 
genes was confirmed also at the protein level m hypoxic neu- 
roblastoma cells, further demonstrating that hypoxic neurob- 
lastoma cells do not develop neuroendocrine charactensucs 
Id an extended micro-array study described in more detail 
below, we have compared the gene expression patterns of 
seven human neuroblastoma cell lines grown at 21 and 1 A 
oxygen, respectively (Fredhmd E-, to be published). Again, 
a general hypoxic response (Table 1) and a hypoxia-induced 
loss of a neuronal phenotype could be confirmed in all seven 
cell lines. In particular, the wells:stablished neuronal lineage 
marker gene, p-UI tubulin was downregulated, while the neu- 
ronal stem cell marker vimentin, was up-regulated. Recently, 
it was reported thai the nerve growth factor receptor Trk A ex- 
ists in a truncated, NGF-independent, constimtivcly activated 
form in neural stem cells and in some neuroblastomas [30], 
Treatment of neuroblastoma cells with the hypoxia mimic 
cobalt chloride induced the expression of the truncated, stem 
cell-associated form of TrkA, supporting our findings that 
hypoxia pushes neuroblastoma cells to a stem cell-like phe- 
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Glucose transporter 1 
Glucose transporter 3 
HexolanDse 2 

Insulin-like growth foclor 2 
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Vascular endothelial growth factor „ 

The ™es lisicdhave previously been shown to be responsive to low oxygen 
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Sge set^f recognized marker genes for neural P™ 
cells and neuroblasts/ganglioti cells, respectively, shows that 

thTt these cells acquire an expression pattern resembling the 
phenotype of neural crest-derived neuronal precursor cells. 

3.3. The effect of low glucose on hypoxia-induced 
dedifferentiation of neuroblastoma cells 

Clearly, the spontaneous neuroendocrine differenliation 
occurring to the subset of neuroblastomas growing in lobular 
structures, was not recapitulated when studying the effect of 
hypoxia using established neuroblastoma cell lines. One rea- 
sonable explanation for this discrepancy could be that these 
CC H lines are derived from highly aggressive neuroblastomas, 
often wimAfyCNampimcatiOD,whiletiimorsgrowingmlob- 
ular structures might be of another derivation. Another expla- 
nation could be that the in vivo situation is more complex than 
just shortage in oxygen, as tumor hypoxia is also associated 
with hypoglycemia, acidosis and impaired supply of nutrients 
and clearance of waste products. Neuroblastoma cells are ma- 
lignantly transformed neuroblasts, and neuroblasts as well as 
ganglion cells use glucose as their primary energy source, 
which led us to Investigate the impact of different glucose 
levels on the hypoxia-induced dedifferentiation of neurob- 
lastoma cells. High or low glucose by itself had little or no 
effect on the differentiator status of the tested neuroblastoma 
cell lines atnonnoxic conditions, and the HlF-prolein levels 
were not affected, that is, HTF-ia was not detectable and the 
low basal HIF-2* protein levels seen in neuroblastomas both 
in vivo and in vitro were unchanged [26], Furthermore, hy- 
poxic (\% oxygen) growth conditions in combination with 
high (4.5 g/L) or medium (1.0 g/L) glucose concentrations 
did not substantially affect the expression of differentiation 
marker genes. However, the dedifferentiated phenotype of 
cells grown at hypoxia was slightly potentiated in hypoxic 
cultures without glucose in the medium [26]. Extrapolated 
into an in vivo situation, these data might suggest that tu- 
mor cells experiencing sustained hypoxia and hypoglycemia 
develop immature phenotypes, where hypoxia-related events 
are major contributors. Whether hypoglycemia affects other 
aspects of aggressive neuroblastoma cell behavior in general 
or ax hypoxic conditions in particular, have not been stud- 
ied and need further attention. However, we can rule out that 
growth of neuroblastoma cells at low glucose changes the 
dedifferentiation response induced by hypoxia alone into a 
lineage shift and development of a neuroendocrine pheno- 
type. 

3.4. Hypoxia contributes to tumor heterogeneity 

When comparing HIF proteins and the expression of hy- 
poxia driven genes at the cellular level in tumor sections, it 
is apparent that there is not always a perfect match between 
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Hlf .l«/HIF-2« posilivity and expression of established hy- 
poxia driven genes such as CA/Xor Clut-I mcemx carc.no- 

3*» [26], Thus, it seems that the 

for poorly understood reasons is not untform among tumor 

Clcarly.with regard to expression of specific S^ d erdc- 
fined culture conditions, neuioblastomacells respond slightly 
different to low oxygen, as exemplified by data obtained in 
our micro array analyses of cell lines grown at eilher 21 or 
1% oxygen (Fredlund E., to be published). Overall growth 
at 1% oxygen elicits a general hypoxic response ID all seven 
tested neuroblastoma cell lines by activating the transcrip- 
tion Of genes involved in the long- and short-term adaptation 
to low oxygen as exemplified by the induced expression of 
VEGF, TH, and the glycolytic gone hexoktnase 2 in Fig. 2. 
However, analysis of the expression levels of several hypoxia- 
induccd genes, of which some have been shown to be bona 
fide HIF-la targets, reveals that many of these genes are 
unregulated in only five or six of the seven cell lines, e.g. 
GLUT}, GLUT3 and EN02, coding for glucose transporters 
and theglycolytic enzyme neuron specific enolase/enolase- 
7, respectively (Fig. 2). In the given examples, none of the 
cell lines is consistently insensitive to hypoxia. GLUT) for 
example, is notupregulated in SK-N-RA cells, while GLUT3 
is upregulated in SK-N-RA and five other ceU lines but not 



h. 1 A N-5 cells The examples of incongruent responses to 
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out of approximately 27,000 genes and EST. ""J*** 
70-meroiigo nucleotide microanaywereconsistenlyalten^ 

wo-fold or more in all seven neuroblastoma cell lines ana- 
wS CFredlund £., to be published). On the other hand, the 
generality in the hypoxic response is demonstrated by a ro- 
bust induction of a substantial number of genes m most of 
me cell lines, 47 genes in six, and 150 genes in five of the 
seven analyzed cell lines (Fig. 3). Furthermore, the global 
impact on gene expression in response to hypoxia is rilus- 
,rated by our finding that mKNA levels of more than 7000 
different genes change two-fold or more in at least one cell 
line (Fig 3) The fact that several genes proven to be hit 
targets do not become activated in unison al 1% oxygen was 
unexpected and has no obvious explanation, as all neurob- 
lastoma cell lines we have tested so far have the capacity to 
stabilize HTF-ltt during growth at 1% oxygen [5,26], and un- 
published data. Similar observations have been made also in 
Other tumor systems (reviewed in [1]) suggesting that HIF 
activation is only one facet of the hypoxic response, and that 
other transcription factors or co-faclors become activated m 
the hypoxic cell and cooperate with MTFs, leading to an addi- 
tional level of regulation of the hypoxic phenotype. Numer- 
ous transcription factors are known to be affected by hypoxia 
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Fin 3 Micronnay analysis ofhypoxia^tnducedg™sras«vcndiaercnincu- 

32, 5K-N-RA, mid SK-N-Fl) grown HI \% Ol for 72h. The number of 
ftcnca wiih a two-foW cr more indnclion/rcduclion of mRNA levels ill all 
seven (four gcncsX six out of seven (47 genes), five out of seven (150 genes) 
etc. cell lines, are given. 

by HIF-depcndeat or independent mechanisms, such as c- 
Jun/AF-1 T Els, NF-kB, IdJ , Td2 [33-36]. Many of these genes 
and their encoded activities are altered in tumor cells, and 
tbeir putative interference upstream or downstream of HIF 
transcriptional events could provide molecular explanations 
for the non-conformal behavior of HIF target genes in spe- 
cific nimor cell lines. As will be discussed below, there are 
emerging evidences for a diverse role of HIF- tot and HIF- 
2a, in part determined by their different regulation, which 
also could contribute to the unexpected heterogeneity in the 
hypoxic regulation of specific genes. 

The vascularization and oxygenation status of solid tumors 
vary probably over time, as formation of new and collapse of 
sub-functional blood vessels appear to be dynamic processes 
and inherent properties of a growing tumor. Thus, tumor cells 
will frequently experience fluctuations in oxygen pressure, 
and phenotypic heterogeneity involving tumor hypoxia can 
most likely also be attributed to the kinetics by which cells 
from different tumors or between different regions within 
a tumor restore their normoxic phenotype upon reoxygena- 
tion. Some experimental support for this presumption was re- 
cently obtained when die kinetics by which cultured neurob- 
lastoma cells restore their norrooxic phenotypes was studied 
[37]. Comparison of the hypoxic and rcoxygenated expres- 
sion profiles of two celt lines revealed art overall stability for 
24 h of the hypoxic characteristics when cells were brought 
from 1% to cither 5 or 21% oxygen, where 5% oxygen was 
chosen to mimic a more physiological oxygen level. How- 
ever, a closer analysis of the expression levels of the marker 
genes revealed that one cell line had a more stable hypoxic 
expression pattern at acutely testoiednormoxia than the other 
«Lft cell tt*e, suggesting ctU <M m 



dowiiregmationofmeb^^ 
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4 Hypoxia-induced dedifferentiation of 
neuroblastoma cells - molecular mechanisms 

4J. Hypoxia regulates lineage specifying basic 
helix-loop-hetix (bHLH) transcription factors 

The sequential molecular steps involved cm the conver- 
sion of migrating neural crest cells to sympathetic ^ precur- 
sors and finally to nou^migmting sympathetic neuroblasts, or 
SNS chromaffin precursor cells, are far from known. How- 
ever, gene elimination and overexpression approaches have 
4 identified several genes important to these processes, includ- 

1" ing those coding for the bHLH iranscription factors HASH- 

1, dHAND and MYCN. Our initial observations that these 
genes were downregulated in hypoxic neuroblastoma cells 
supported the conclusion that hypoxic cells became dedif- 
ferentiated and gave the first hints as to the mechanisms 
involved. HASH-1 and dHAND, respectively, form func- 
tional hetcrodimeric complexes with E-protcins, which also 
are bHLH proteins, but ubiquitously expressed [38]. In neu- 
roblastoma, E2-2 appears to be the preferential partner to 
HASH-1 and dHAND [39], and interestingly, £2-2 expres- 
sion is downregulated together with HASH- J and dHAND 
during hypoxic growth of these cells [5], presumably con- 
iributing to a decreased transcription of genes associated with 
the neuronal phenotype. bHLH transcription factors are also 
negatively regulated by interfering HLH factors lacking the 
basic, DMA binding domain. In the presence of ID proteins, 
E-proteins are sequestered from their lineage specific bHLH 
partners by binding to ID via the HLH domains with inhibi- 
tion of tissue specific transcription as a result. The expression 
of two of these factors, 1D1 and ID2, become rapidly induced 
in hypoxic neuroblastoma cells [5,35], changes that in combi- 
nation with the downregulation of £2-2, HASH-1 and dHAND 
expression will reduce transcription of neuronal genes, and 
thus contribute to the development of a dedifferentiated phe- 
notype. The induction of ID 2 is particularly mteresting as 
JD2 1* required for proper chicken neural crest development 
[40] and in search for direct roles of HIF activation in the 
hypoxia-induced dedifferentiaUon and development of a stem 
cell-like phenotype, we tested if JD2 expression was directly 
regulated by HIF- la. The promoter of human 1D2 contains 
several putative HREs, and by gel shift and chromosome im- 
munoprecipitation assays it was shown that at least two of the 
eight identified putative HREs bind HIF- lot and ore required 
for hypoxia-induced 1D2 transcription [35], results thai pro- 
vide a link between HIF activation and dedifferentiation of 
hypoxic neuroblastoma cells. 

4.2, Notch-pathway regulation in hypoxic cells 

Notch signaling is anoxher important pathway that might 

contribute to a differentiated Hypoxic pbenotyp*. In many. 
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butnot all cell types, active Notch signaling is associated with 
immature, proliferating cells. The Notch pathway is init.atcd 
by iuxtacrine signaling in which one of the five Notch Iigands 
(Jagged-1, Jaggcd-2, Deka-1, Del^3 and Delta-4) stimulate 
four Notch receptors (Notchl- to Notch-4) on neighbouring 
cells [41). Upon ligand-binding, the Notch receptors are ac- 
tivated by a series of proteolytic cleavages leading to <he 
release of the intra-cellular receptor domains, which translo- 
cate to the nucleus and activate transcription of a distinct set 
of transcriptional repressors out of which the Hes (H©s-1 and 
Hcs-2) and Hes-rclaxed <Hesr-l and Hesr-2, also known as 
KRT CHF or Hey) gene families seem to be the most im- 
portant (reviewed in [42]). In many cell types expression of 
these repressors leads to down regulation of diffcrentiation- 
promoting factors of the bHLH type. In ihe sympathetic ner- 
vous system HASH-1 represents one such target gene. In 
our global expression analyses of hypoxic neuroblastoma 
cells wc have noticed elevated expression of both Iigands 
and receptors of the Notch signaling cascade, and conse- 
quently elevated expression of the principal transcriptional 
mediators of this cascade, Hes-1 and Hcy-1 [43]. Though 
formally not proven, we suggest that increased Notch sig- 
naling contribute to the dedifferentiated phenorype. These 
changes would act in concert with induction of 1D1 and ID2 
and decreased expression of E-proteins to inhibit the action 
of components of the bHLH network, such as HASH-1 and 
dHAND [43]. If Notch activation is induced as a response to 
hypoxia also in tumor forms other than neuroblastoma, this 
pathway might represent an important pathway of tumor cell 
adaptation to hypoxia. Importantly, there are several poient 
inhibitors of Notch signaling available, which might be em- 
ployed to block Notch-induction and thus allow for further 
studies on the contribution of this cascade to the hypoxic 
phenorype. 

4.3. Differential regulation of HIF-la and HIF-2& in 
neuroblastoma 

Immunohistochemical analysis of neuroblastoma speci- 
mens reveals that HIF-2a is detectable in most tumors, while 
HIF-lct protein is primarily restricted to cells surrounding 
necrotic areas [26], Also neuroblastoma cells grown at nor- 
moxia have detectable HIF-2ct protein, showing that HIF- 
2a in contrast to HTF-la to a certain extent can escape 
prolylhydroxylase-induced degradation at normoxia. An im- 
portant difference in the regulation of these two proteins is 
the hypoxia-induced expression of HIF-2&, while HIF-Iol 
mRNA levels are virtually unaffected by low oxygen [29]. 
Another difference is that neuroblastoma cells grown at 5% 
oxygen (a more physiological oxygen level) stabilize HIF-2a 
but not HIF-la and that known hypoxia-induced genes like 
7Jf and ID2 are slightly upregulated at 5% oxygen [26,37]- 
These findings suggest that HlF-2a couldbe transcriptionally 
active at 5% oxygen and that the phenotype of neuroblastoma 
Cells grown at this "nonnoxic" condition to a certain extent is 



gene has been identified, while numerous genes appear to be 
activated by HIF-2a as well as by HIF-la. A future empha- 
sis is therefore to systematically screen for genes uniquely 
or predominantly targeted by HlF-2a and noi tby HIF-1«, as 
some of them might be important for proper development of 
the SNS or in the genesis of neuroblastoma, although it may 
him out thai such genes do not exist [44]. 



5. Hypoxia promotes an immature phenotype in 
breast carcinoma in situ 

In neuroblastoma, there is a well-established association 
between low stage of differentiation and poor clinical out- 
come, suggesting that dedifferentiation of neuroblastoma 
cells caused by hypoxia could be one mechanisms behind 
the progression of a tumor from being treatment respon- 
sive to become refractive. Having disclosed that neuroblas- 
toma cells lose differentiation characteristics during hypoxic 
growth, the obvious question was whether hypoxia had sim- 
ilar effects on other tumor forms. We choose to investigate 
the effects of hypoxia on mammary carcinoma ceils with fo- 
cus on ductal breast carcinoma in siui (DCIS) for three main 
reasons; the well-defined in situ lesions with central necro- 
sis (comedo cancer) have regions of hypoxia surrounding the 
necrotic zones, there are histopathologic^ criteria used in the 
clinic to assess differentiation stage and thus aggressiveness 
in breast carcinoma, and finally, numerous well-characterized 
cell lines derived from mammary carcinomas are available. In 
DCIS lesions HIF-la protein is detected in cells surrounding 
the central necrosis [6], and in these lesions HIF-la protein 
can serve as a criterion for defining hypoxic cell layers. In 
contrast to well-oxygenated tumor cells adjacent to the basal 
membrane in DCIS lesions, HIF positive cells lose their ca- 
pacity to form pseudo-ducts, and the nuclear to cytoplasm 
ratio increases with growing distances from the basal mem- 
brane. Importantly, these two differentiation criteria are asso- 
ciated with unfavorable outcome of invasive breast carcino- 
mas. Thus, based on established histopathological criteria we 
could conclude that hypoxic (HIF-la positive) cells are less 
well differentiated compared to non-hypoxic tumor cells [6]. 
In addition, in estrogen receptor a (ERa) positive tumors, 
the ERa expression is downrcgulated, further supporting the 
conclusion that hypoxia promotes dedifferentiation of breast 
ductal carcinoma cells. 

Gene expression patterns associated with breast ductal ep- 
ithelial mffcrentiauon has not been extensively invesligated, 
but in search for such markers, cytokeratin 19 turned out as 
one being used as a marker for breast ductal epithelial pro- 
genitor cells [45]. Interestingly, in DCIS lesions, cytokeratin 
19 expression was upregulated in hypoxic, HIF-la positive, 
regions, in accordance with a hypoxia-driven loss of differ- 
entiation characteristics. ERa and cytokeratin 19 was also 
down- and upregulated, respectively, in breast cancer cell 
lines exposed to hypoxia, tending further support to the no- 
tion Ovat these changes arc direct consequences of. hypoxia 
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and notofhypoxia-aasociatcd alterations occurringin tissues, 
like hypoglycemia or acidosis [6,46]. 

& Poor tissue oxygenation - a tumor-promoting 
condition? 

Data presented so far have focused on a dediffercntiat- 
in S *ff ect on tumor ceUs of ,ow oxyglMU a consequence of 
hypoxia that is in keeping with the documented more afie r£ *- 
sivc phenotype of hypoxic tumors [3,4]. The generality of 
foe decufferentialing effect of hypoxia on tumor cells remains 
however to be investigated since so far only two tumor forms, 
neuroblastoma and breast cancer have been studies in any de- 
tail. However, hypoxic LnCap prostata carcinoma cells loose 
their PSA and androgen receptor expression during hypoxic 
growth [47], two genes that are expressed in more differen- 
tiated prostate carcinoma cells, indicating that also hypoxic 
prostate carcinoma cells loose characteristics associated with 
a differentiated phenotypc. Given these effects of hypoxia on 
tumor cells, one might ask whether hypoxia by itself is pro- 
moting tumor development. In the case of neuroblastoma, a , 
positive correlation between congenital heart disease and in- , 
cidence of neuroblastoma, butnot non-neuronal brain tumors, 
has been demonstrated [48], clearly suggesting a link between 
impaired tissue oxygenation and tumor development In line 
with such data, an increased risk of acquiring carotid body 
paragangliomas is seen in individuals Irving above 2000 m 
above the sea level, and the tumor frequency increases with 
altitude [49]. Interestingly, the hereditary form of paragan- 
glioma affecting the SDHD gene is virtually absent in this 
population, while it is comparatively common in populations 
living at the sea level, showing that life at conditions of low at- 
mospheric oxygen selects against a hereditary predisposition 
for paraganglioma (reviewed in [50]). Low oxygen tensions 
can negatively affect normal development as hypoxia impairs 
adipocyte differentiation (5 1 ] and me cell fusion and differen- 
tiation process of developing cytotrophoblasts [52]. Finally, 
the von Hippel Lindau syndrome tumors, lacking functional 
VHL protein and thus the oxygcn-dependcnlHlF degradation 
mechanism, indirectly exemplify a tumor promoting effect of 
hypoxia and stabilization of HlFs [53]. 

Although the examples linking hypoxia and HIF- 
activation 10 tumor development and/or tumor aggressive- 
ness are many, the picture is far from clear Our own obser- 
vation that some neuroblastomas spontaneously differentiate 
into a neuroendocrine pbenotype in areas adjacent to necrotic 
zones, show that hypoxia under some circumstances can have 
a differentiating, cell lineage re-directing effect on neurob- 
lastoma cells [22,23], Furthermore, neural crest stem cells 
cannot differentiate in vitro into a sympathoadrenal lineage 
al normoxia, but do so at 5% oxygen [54]- Whclher the ef- 
fect of low oxygen is dependent on HIF activity has not been 
investigated, but the observation that HIF-2a is stabilized 
and appears to be transcriptionally aciive at 5% oxygen in 
neuroblastoma cells, could suggest that HlFs indeed are re- 



auired for in vilro and in vivo differentiation of sympathciic 
neuronal precursor cells, which would be >in ^idanc^th 
the HIF-2a knockout pbenotype reported by Tian et al. l^j. 
Finally, in cervical squamous cell carcinoma cells hypoxia 
induces the epithelial celt differentiation marker inyolucrin 
[55], further suggesting cell type specific effects of hypoxia 
on eel) differentiation status. 



7. Concluding remarks 

With the disclosure of the negative effects of hypoxia on 
tumor growth and behavior, and HiFs as the main molecu- 
lar triggers of these effects, HlF-lot has been identified and 
is explored as a molecular target for treatment of aggressive 
tumors (reviewed in [1]). As the hypoxic pbenotype is prin- 
cipally restricted to tumors, genes selectively expressed due 
to poor oxygenation can be considered to be tumor-specific, 
Thus, one obvious advantage of targeting the HlF-la protein 
is its tumor specific expression partem. With the identifica- 
tion of hypoxia-induced genes and mapping of their tissue- 
specific expression patterns, the number of putative target 
genes for selective tumor forms will most likely increase, 
where genes encoding cell surface proteins will be partic- 
. ularly interesting. In the future one might be able to take 
1 advantage of, and even create tumor hypoxia by combin- 
' ing angiogenesis inhibitors with drugs or antibodies directed 
' against hypoxia-induced target proteins. In this scenario, an- 
giogenesis inhibitors will create acute tumor hypoxia leading 
to increased expression of the protcin(s) to be specifically tar- 
geted, an approach that obviously needs to be tested in in vivo 
treatment models. 
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Antiangiogenic 
Therapy for Cancer: 
Current and Emerging 
Concepts 



Wc have known for nearly a 
century that tumors induce 
growth of new blood ves- 
sels.^] In 1971, Follcman proposed 
that blocking angiogenesis should be 
able to arrest tumor growih.[3] A few 
years later, Gullino demonstrated that 
cells in precancerous tissue acquire 
angiogenic capacity on their way to 
becoming cancerous, and thus pro- 
posed that inhibition of angiogenesis 
be used to prevent canccr.[4] In the 
past 3 decades our understanding of 
angiogenesis in general, and tumor 
angiogenesis in particular, has grown 
exponentially, culminating in the ap- 
proval of the Hcst antiangiogenic 
agent, bevacizumab (Avastin), for the 
treatment of advanced colorectal 
cancer and spawning more than 60 
clinical trials using a variety of anti- 
angiogenic agents. [5,6] 

The widely accepted mechanism 
of action of antiangiogenic therapy is 
lhat these agents prevent the growth 
and metastasis of tumors by inhibit- 
ing the formation of new vessels. 
While this notion holds true, data from 
randomized clinical trials show that 
when used as monotherapy* currently 
available antiangiogenic agents pro- 
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ABSTRACT 

Angiogenesis is an essential step in the growth and spread of solid 
tumors— the cause of more Hum 55% of cancer mortality. Inhibiting 
angiogenesis would therefore seem to be a reasonable approach to pre- 
vent or treat cancer. However, tumor angiogenesis differs from normal 
angiogenesis in that the resulting vessels are tortuous, irregularly 
shaped, and hyperpermeable- These abnormalities result in irregular 
blood flow and high interstitial fluid pressure within the tumor, which 
can impair the delivery of oxygen (a known radiation sensitizer) and 
drugs to the tumor. Emerging evidence suggests that antiangiogenic 
therapy can prune some tumor vessels and normalize the structure and 
function of the rest, thereby improving drug delivery and normalizing 
the tumor mwroennronmenL This normalization effect may underlie 
the therapeutic benefit of combined antiangiogenic and cytotoxic thera- 
pies. This paper reviews current and emerging concepts of the mecha- 
nism of action of antiangiogenic therapies and discusses the implica- 
tions of these mechanisms for their optimal clinical use. 



duce modest objective responses and 
do not yield long-lerm survival bene- 
fit in patients with solid tumors. [7-91 
However, when given in combination 
with chemotherapy, bevacizumab, an 
antibody directed against vascular en- 
dothelial growth factor (VEGF), pro- 
duced unprecedented increases in 
survival (5 months) in patients with 
metastatic colorectal cancer.[10] 
These data support the earlier predic- 
tions of Tcicher, who postulated that 
combined administration ol" antiangio- 
genic therapy and cytotoxic (chemo- 
therapy and radiation) therapy would 



yield maximum benefit because such 
combinations would destroy both 
compartments in tumors: the cancer 
cells and the endothelial cells. [1 1] 

However, this theory seems para- 
doxical. If antiangiogenic agents de- 
stroy the tumor vasculature, the 
delivery of chemothcrapeutic agents 
and oxygen to the tumor would be 
compromised* resulting in less cyto- 
toxicity and radiation resistance. The 
emerging concept of vascular normal- 
ization provides researchers with a 
potential resolution to this paradox; 
this hypothesis posits that judicious 



f exhibit I 



SUPPLEMENT • APRIL 2005 - ONCOLOGY 



PAGE 83/1 19 * RCVD AT 216/2006 11:03:24 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/26 1 DN1S:2738300 * CSID:40481S6555 * DURATION (mm-ss):5546 



02/06/06 23:35 FAX 4048156555 



KS ATLANTA 



E1084 



Endothelial precursor 



JnhissusceptEve 
growth 



Angiogenic 
sprouting 




Figure 1: Four Cellular Mechanisms of Vascularization In Tumors — (1) Intussusception: tumor 
vessels enlarge and an interstitial tissue column grows in the enlarged lumen, expanding the net- 
work; (2) vasculogenesis: endothelial precursor cells mobilized from the bone marrow or peripheral 
blood contribute to the growth of the endothelial lining of tumor vessels; (3) sprouting (angiogenesis): 
the existing vascular network expands by forming sprouts or bridges; and (4) co-option (not shown); 
tumor cells grow around existing vessels to form perivascular cuffs* Adapted, with permission from 
Nature Publishing Group, from Carmeliet and Jainji] 



application of antiangio genie agents 
can improve the function of tumor 
vasculature and thus improve the de- 
livery of oxygen and dings to tumor 
cells,[12,13] Here T review tiiis emerg- 
ing counLcrintuidve concept and (he 
currently well-accepted view that an- 
^'angiogenic therapy inhibits neovas- 
cularization, as well as the importance 
of optimizing the dose and sequenc- 
ing of these therapies. 



Role of Ang io genesis in 
Rtptor Progression 



In adults, normally occurring 
neovascularization is largely limited 
to female reproductive organs and 
healing wounds. Otherwise, adult 
neovascularization occurs as a result 



of a pathologic situation, such as can- 
cer. Although tumors can initially co- 
opt normal blood vessels to support 
growth, a new blood supply is re- 
quired for the tumor Lo grow beyond 
1 to 3 nun. This concept has been 
firmly established by many supported 
Studies and is well illustrated by a 
study thai found numerous small thy- 
roid gland tumors in individuals who 
died of other causes. (14) Prior to the 
development of tumor vasculature, tu- 
mors are dormanL(l5] for angiogene- 
sis to occur, the effect of proangiogenic 
factors must outweigh the effect of the 
anuangiogenic faclors. When the bal- 
ance tips towards pro angiogenesis, the 
tumor undergoes what has been de- 
scribed as the angiogenic switch, which 
fosters the development of new vessels 



and allows tumor progression to en- 
sue.! 16] Further, once angiogenesis Is 
prompted, tumors become invasive lo- 
cally nnd systemically. 

Evidence for the critical and patho- 
logic role that angiogenesis plays in 
cancer progression comes from stud- 
ies demonstrating that microvessel 
density within the tumor — the num- 
ber of blood vessels in a defined 
area— is not only prognostic in some 
tumor types, but also correlates with 
the development of metastases. I I7J 

Mechanisms of Angiogenesis 

At least four cellular mechanisms 
can result in tbc vascularization of 
tumors: co-option, intussusception, 
sprouting (angiogenesis), and vascu- 
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Table 1 



Morphological and Functional Characteristics ol the Vasculature in NornrialTlssue, an W^ ted 
Tumor, a Tumor During Early Stages otTreatment With an AntJangiogemc Drug (Normalized), and 
a Tumor Treated With High Doses of an Antianglogenic Drug Over a Long Period (Regressing) 

Vessel Type 



Properties 


Normal 


Tumor 
(Untreated) 


Tumor 
(Normalized) 


Tumor 

(Regressing) 


Reference 


Global organization 


Normal 


Abnormal 


Nonroliz&d 


Fragmented 


44 


Pericyte 




Absent or 
detached 


Closer to normal 


Missing 




Basement membrane 


Normal 


Absent or 
too thick 


Ciosor to normal, 
some ghost 


Ghost 


46,49,51 


Vessel diameter 


Normal 
distribution 


Dilated 


Closer lo norma) 


Closer to or 
less than normal 


49,51,52.56 


vascular density 


Normal, 

nomogeneoua 

distribution 


Abnormal, 

heterogeneous 

distribution 


Closer to normal 


Extremely low 


46,47.49-53 


Permeability to 
largo molecules 


Normal 


High 


Intermediate 


Variable 


47,49.51-53^3 


MVP and IFP 


MVP > IFF 


MVP ~ IFP 


MVP > IFP 


Low IFP 


48,49.53 


(P)lasma and 
(O-ntereWiai oneoilc 
pressure' 


P>l 


P-l 


P> 1 


Not known 


49 




Normal 


Hypoxia 


Reduced hypoxia 


Hypoxia 


11,43,48,51 


Drug penetration 


Uniform 


Heterogeneous 


More homogeneous 


Inadequate 


11,43,49,50.53 



■Osrrw* pressure exerted by plasma prolttrtS. 

IFP= interstitial fluid pressure: MVP = microvascular pressure. 

Updated, with permission, Trorn Jam RK: Normalization ol tumor vasculature: An emerging oonccpi in an5 angiogenic therapy. Sdanca 30759-32, 2005. 

copyright 200s aaas. 



logenesis (Figure 1). Tumor cells can 
co-opt and grow around existing ves- 
sels to form perivascular cuffs. How- 
ever, these cuffs cannot grow beyond 
the diffusion limit of critical nutri- 
ents, and may actually cause the col- 
lapse of the vessels due 10 the 
compressive forces generated by tu- 
mor cell growth (referred to as solid 
stress). Alternatively, an existing ves- 
sel may enlarge in response to the 
growth factors released by tumors, and 
an interstitial tissue column may grow 
in the enlarged lumen and partition 
the lumen to form an expanded vas- 
cular network. This mode of imussus- 
ccptive microvascular growth has been 
observed during rumor growth, wound 
healing, and gene therapy. [18-21] 

Angiogenesis is perhaps die most 
widely studied mechanism of vessel 




Figure 2: Normal and Tumor Vasculature — (A) Photomicrograph of normal 
vasculature in mouse brain. The vasculature is organized, appropriately con- 
nected, and optimally shaped to provide nutrients to all parenchymal cells. 
(B) Photomicrograph of mouse glioblastoma vasculature. This vasculature is 
disorganized, poorly connected, and tortuous, resulting In regions of hypoxia. 
(Courtesy of R.Tong, Steele Laboratory.) 
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Table 2 

Molecules and Pathways in 

Ugsnd/Heceptor (Cell Type) 

VEGF/VEGFP-1.-2<£C) 



VB3F-154/V&OFR-2. NRP-1 (EC) 
VEGF-C/VEGFR-3, NRP-2 
EG-VEGF/PKR-1. -2 (EC) 
Notch pathway (EC, mural cell) 

Ephiin B2/EphB4 (EC) 

PDGF-B/POGFR-p (EC, mural celt) 
S1P1/EDG1 (EC, mural cell) 
Angl/TiaZ (EC) 

Ang2/Tle2 (EC) 
Ang1fTie2 (EC) 

TGF-pifl"GF-pRH (EC, mural cell) 

TGF-01/ALK1 (EC) 

TGFP1/ALK5 (EC) 

TGF-[51/ALK1 and endogfin (EC) 

Syk/SLP76 pathway 

BDNF/TrkB (EC, hematopoietic 
myeloid precursor cells) 

Semaphorin 4D/Plexln-D1 (EC) 
INC4/NF-veB pathway 
Slit2/Robo1 pathway (EC) 



NeovasculaHzatlon and Vessel Maturation 



putative Roles 

Upregutates protease? for matrix organization 

Promotes arterial growth 
Guides lymphatic envelopment 

Induces EC specialization In endocrine organs (such as fenestration) 

Determine* fate of the common progenitor cell einnallncri 
Establishes vessel fata (artery versus vein, upstream ot ephnn signaling) 

Determines arterial and venous EC specialization 
Guides vessel branching 

Promotes proliferation, migration, and recruitment of mural cells 
Promotes recruitment of mure! cells 

Stabilizes vessels by facilitating Interaction (EC-mural cell and EC-matrix) 

ffiSi of vascular branding in the absence of mural ceifc 

Induces apoplosls of CC® in the absence of VEGF 
Determines lymphatic patterning 

Coordinates vascular polarity 

Promotes the production of ECM and proteases 

Promotes differentiation of fibroblastic myofibroblast to mural call 

(through eerum response factor) 

Regulates EC proliferation and migration (activation phase) 

Regulates vessel maturation (resolution phase) 

Promotes arterlo-venoue specialization 

Separates lymphatic from blood vessels 

Promc^ a ang1ogenesis directly (via EC) and indiredly via hematopoietic cell 
recrultment[60] 



Vascular patterning^ ,62) 

Inhibits &ngk>gene6te[63] 

EC migration and tube for malion[64] 



(TaWe continued) 



formation. During angiogeoesis, the 
existing vessels become leaky in re- 
sponse to growth factors released by 
normal cells or cancer cells; the base- 
ment membrane and the interstitial 
matrix dissolve; pericytes dissociate 
from the vessel; endothelial cells mi- 
grate and proliferate to form an array 
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dt sprout; a lumen is formed in the 
sprout— a process referred to as canal- 
ization; branches and loops are formed 
by confluence and anastomoses of 
sprouts to permit blood flow; and fi- 
nally, these immature vessels are in- 
vcsied In basemcm membrane and 
pericytes. During normal physiologic 
angiogenesis, these vessels differen- 
tiate into mature arterioles, capillar- 
ies, and venules, whereas in lumors 
they may remain i mmaiure. [ 1 2,22-24] 



Finally, vasculogencsis occurs dur- 
ing embryonic development when a 
primitive vascular plexus is formed 
from endothelial precursor cells (also 
known as angioblasts). Circulating 
endothelial precursor cells mobilized 
from the bone marrow or peripheral 
blood also can contribute to postnatal 
vasculogenesis in rumors and other 
tissues. [25,26] However, recent data 
have questioned the importance and 
role of these cells in tumor angiogen- 
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Table 2 (continued) 
^1^,1°° rs^m^d CeH-Cgll Interactions 

MolecUl&s (Cell Typo) 

VE-cadhorin (EC) 

N-cadherin (EC, mural cell) 

Connexins (EC, mural cell) 

Ooclydlns, claudins, 
zona occludlns (Z01. Z02, Z03) (EC) 

C0148 (EC) 



Putative Role© 

Forms EC-EC junctions 

Facilitates EC junctions-mural cell communication 

Facilitate EC junctions-EC junctions and EC Junctions-mural cell communications 
Form tight junctions in brain and retinal capillaries 

Regulates EC-mural cell Interaction 



rJnlaculR3 Ga ming Ml-Matrix IfUeracBgng 

Molecules (Cell Type) 
integrlns ccsfc. txipi. OaPi.tiA a»p 5 



UNC5B 

Matrix metalloproislnases 
Proteases (EC, mural cell) 



Protease inhibitors 
Thrombospondln-I, -2 



Putative Roles 

Suppress EC apeplosis* 
Modulate EC migration and prottfe rational 

Negative regulator o< vascular suldance^se] 

Control degradation of basement membrane and extracellular matrix 

and cause release of other angiogenic factored] 

Provide cues for vascular patterning by releasing growth factors 

molecules (Such as collagen XVIII to mM I Jama P™>™ 
(such as plasminogen to angiostetin), and protease molecules (sue* as MMF2 
to PEX); cleaved products cause EC apoptosls 
Stabilize vessels by preventing dissolution of matrix 
Inhibits EC migration, growth, adhesion, survival^!] 



*GMi«tlC approach Oossnol support thfc rota for a^3nda,P B . 

endothelial growth factor; VVO = v^i*Jta-vacuolar organelle, _ A . . 

^^pda.*^^ 



csis.[27] One of the current challeng- 
es in tumor treatment is to discern the 
relative contribution of each of the 
four mechanisms of neoangiogencsis 
to the formation of tumors to opti- 
mize antiangiogenic treatment of 
cancer,(28] 

Htn^cture grjd Function 
o f Tumor Vessels 



Despite the critical role of blood 
vessels in tumor growth and metasta- 
sis, the structure and function of tumor 
vasculature is abnormal (Table U Fig- 
ure 2). The organized structure of the 
vascular network is lost. The system 
lacks defined arterioles, venules, and 
capillaries, and connections among 
vessels arc sometimes incomplete. The 
vessels themselves are irregularly 
shaped with areas of dilation and con- 
striction. Endothelial cell arrangement 
is abnormal with the cells separated 



by wide gaps at one locati on or stacked 
on one another nearby. Endothelial 
cells can lose their reactivity to com- 
mon endothelial markers. [29] Simi- 
larly, the patterns and functions of 
mural cells arc also abnormal. Tu- 
mor-associated pericytes demonstrate 
abnormal protein expression and mor- 
phology. Significantly, abnormal peri- 
cytes have a loose association with 
endothelial cells, contributing to the 
high vascular permeability. The differ- 
ences between normal and abnormal 
vasculature are summarized in Table 1 . 

These strvctural abnormalities re- 
sult in uneven tumor perfusion and 
high tumoral interstitial fluid pressure 
(IFP).113,30,31J High tumoral TPP is 
caused in part by rumor vessel hyper- 
permeability. In normal tissues, the 
vessel is able to maintain a gradient 
of fluid pressure from inside the ves- 
sel to the outside. Tn tumors, this gra- 
dient disappears and the pressure 



outside the blood vessels (IFP) tends 
to become equal to that inside, ie, 
microvascular pressure (MVP). Simi- 
larly, in normal tissues, the colloid 
osmotic pressure (osmotic pressure 
exerted by large proteins) inside blood 
vessels (P) is much higher compared 
to that outside (I), In tumors, these 
two become approximately equal due 
io vessel leaJciness. The loss of these 
pressure gradients between the ves- 
sels and the tumor impedes the deliv- 
ery of large molecular weight 
therapeutics to the tumor. Uneven tu- 
mor perfusion impedes the delivery 
of all blood-borne molecules, includ- 
ing oxygen and nutrients as well as 
chemotherapeudes. 

Tumor vessel hyperpermeability 
also contributes to sluggish blood flow 
in tumors, which results in regions of 
hypoxia and acidosis. Hypoxia con- 
tributes to resistance to some drugs 
| and radiotherapy by decreasing the 
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availability of reaciive oxygen spe- 
cies. In addition, it can induce genetic 
instability and upregulate angiogene- 
sis and metastasis gcne$-[32,33] Fur- 
thermore both hypoxia and acidosis 
can impede the cytotoxic effects of 
immune cells infiltrating the tumor. 
Thus pathologic minor vasculature 
results in conditions thai protect the 
tumor from cytotoxic therapy and 
from host immune cells. 

ff^ fc ofVE tt Tumor 



Numerous pro- and antiangiogen- 
ic molecules orchestrate the different 
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sieps of vessel formation. These mol- 
ecules can be grouped into three cate- 
gories; (1) ligands and receptors, (2) 
molecules that govern cell to cell in- 
teractions, and (3) molecules govern- 
ing cell to matrix interactions (Table 
2). The imbalance of these molecules 
is thought to promote the pathologic 
angiogencsis characteristic of tumors. 

Of the known angiogenic factors, 
VEGF is the most prominent and crit- 
ical.p ,2,181 VEGF promotes the sur- 
vival and proliferation of endothelial 
cells, increases the display or adhe- 
sion molecules, and dramatically in- 
creases vascular permeability. VEGF 
expression is elevated in most human 
tumors and is unregulated by a vari- 
ety of mechanisms, including hypox- 
ia,^] oncogenes J5l and hormonal 
activity 134] The expression of VEGF 
correlates with both the extent of an- 
giogenesis and prognosis in many tu- 
mor lypes.[18,35] As a result of Us 



central role in tumor angiogenesis, 
VEGF has become apnme therapeu- 
tic target for angiogenic therapy. 

The widely accepted mechanism 
of antiangiogenic therapies is based 
on the hypothesis that tumor grow* 
is dependent on angiogencsis.p J £»pe- 
cificnlly, these therapies are thought 
to choke the blood supply of tumors, 
depriving cancer cells of nutrients and 
subsequendy resulting in an indirect 
cell tall, indeed, anti-VEGF garments 
have proven to be effective in a large 
number of preclinical studies. [5,6] To 
date, anti-VEGF treatments— when 
given as monotherapy— have unfor- 
tunately produced only modest re- 
sponses in patients with solid tumors 
and have not yei provided significant 
survival benefit to patients.[9) 

There are many possible reasons 
for this failure. For example, as tu- 
mors progress, their vessels may be- 
come dependent on factors other than 
VEGF.[361 Thus, blocking VEGF 
alone may not be enough to induce 
persistent vessel regression. Howev- 
er, increasing the dose or duration of 
anti-VEGF treatment might also cause 
damage to normal tissues (eg, kid- 
ney,^! Iung,t38] thyroid,[39] and 
developing bone[40]) and may even 
result in death due to thromboembol- 
ic events in certain subpopulatfons of 
patients.141] As a result, antiangio- 
genic agents have been combined with 
cytotoxic therapies (eg, chemothera- 
py or radiadon therapy). Indeed, in a 
landmark phase HI trial, bevacrzu- 
mab combined with chemotherapy has 
led to an impressive and significant 
increase in survival in patients with 
advanced colorectal earcinomas,[101 
Al the same rime, a phase 10 Irial 
combining bevacizumab and chemo- 
therapy has not shown a significant 
survival advantage in breast cancer pa- 
Lieiirsl421 although it did show a sig- 
nificant increase in response rates- 
These positive and negative survival 
results with combination antiangiogenic 
and chemotherapy mimic preclinical 
findings of augmentation vs antago- 
nism of the efficacy of cytotoxic thera- 
pies by antiangiogenic agents. 
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Figure 4: Dual Mechanism of Action of Antjangiogenic Therapy — (A) Angiogenic factors re- 
leased by the tumor promote tumor vascularization. (B) This results in tumor growth (top) and pro- 
vides a means for metastasis by providing access to the systemic vasculature (bottom). (C) Block- 
ade of these factors would bo expected to prevent these actions, keeping avascular tumora dormant 
and Inhibiting metastatic potential. (D) Normal vasculature is optimally structured to facilitate the 
delivery of oxygen and nutrients to the surrounding tissues. (E) Tumor vasculature is abnormally 
structured resulting In uneven perfusion and blood flow, promoting hypoxia and acidosis, and Im- 
peding the delivery of chemotherapy to the tumor. (F) Antiangiogenic agents can normalize the 
tumor vasculature, relieving hypoxia, and facilitating chemotherapy delivery. 
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To reconcile these contrasting ef- 
fects of antiangiogenic therapy, in 2001 
I proposed another mechanism or anti- 
angiogenic therapy — normalization of 
pathologic tumor vasculature by anti- 
angiogenic therapy! 12] — and have re- 
cently summarized compelling 
evidence in support of this new con- 
cept.^] This theory proposes that 
normalization occurs because anti an- 
giogenic agents transiently restore the 
balance of pro- and anuangiogenic 
factors. By normalizing the structure 
and function of the tumor vascula- 
ture chemotherapeutic agents and 
oxygen can be more effectively de- 
livered to the tumor, resulting in im- 
proved chemotherapy delivery and 
radiotherapy sensitivity. While this 
mechanism is a relatively new con- 
cept, it appears to explain the pro- 
nounced clinical benefit observed with 
blockade of VEGF in conjunction with 
standard chemotherapy. [10] 

Of interest, there is now increasing 
evidence in the literature for vascular 
normalization as a result of VEGF 
blockade, both in preclinical! 11, 43- 
52] and clinical studies. [53] A clini- 
cal study in patients with rectal cancer 
showed that bevacizumab decreased 
tumor microvascular density, vascu- 
lar volume, and 1FP.L53] The lack of 
a concurrent decrease in the uptake of 
radioactive FDC in these tumors 
suggested thai the normalized vessels 
were more efficient at delivering these 
agents to the tumor parenchyma when 
treated. The reductions in tumor vas- 
cular density and permeability were 
consistent with another study in pa- 
tients with colorectal cancer treated 
with an inhibitor of the VEGF recep- 
tor tyrosine kinase 2, [54] Unfortunate- 
ly, in the latter study, there were no 
measurements of IFP or vessel wall 
structure to draw any conclusions 
about vessel normalization. 

It is important to note that follow- 
ing aniiangiogenic drug delivery, a 
specific time window exists during 
which vascular normalization occurs. 
In a murine study that evaluated an 
antibody to VEGF receptor 2, this nor- 
malization window lasted for about 6 
days and was characterized by in- 
creased tumor oxygenation and ves- 
sel pericyte coverage.[5 1 ] Consistent 
with the concept of a normalization 
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window, a recent study showed a tran- 
sient increase in tumor oxygenation 
and radiation response of a murine 
fibrosarcoma when animals were 
treated with thalidomide (Thalomid), 
an agent that blocks VEGF and bFGF 
signaling. [43] Thus, future research 
must focus on identifying the optimal 
timing of administration of antiangio- 
genic agents wiTh chemotherapy or 
radiation to maximize the benefits that 
may be attained during this crucial 
time period (Figure 3). 

Finally, emerging data show that 
some cancer cells harbor the recep- 
tors for growth factors modulating 
angiogenesis, and thus may be a di- 
rect target of some anti angiogenic 
agents. For example, some cancer cell*; 
express VEGF receptors, [55-57] and 
ligation of these receptors induces tu- 
mor cell proliferation. [57] Blockade 
of these receptors inhibits VEGF- 
induccd proliferation, providing a 
mechanism by which some antian- 
giogenic agents could have direct 
inhibitory effects on tumor cells. 

In summary, current data support 
two key mechanisms of antLangiogen- 
ic therapy: (1) inhibition of new ves- 
sel formation inside the tumor, and 
(2) pruning nascent vessels and nor- 
malizing the rernaining tumor vascu- 
lature (Figure 4). Clinical data to date 
suggest thai the latter mechanism may 
be a key driver of the clinical benefit 
of combined aniiangiogenic and cy- 
totoxic therapies. 

Antiang io genic Therapy 

Angiogenesis is a complex pro- 
cess involving an increasing number 
of molecular players (Table 2). In ad- 
dition, there is a likelihood of redun- 
dancy in the system and various 
factors may be critical at different 
times during vascular development. 
Because of its critical role in tumor 
angiogenesis. current therapy has fo- 
cused largely on blockade of VEGF. 
Future angiogenic therapy may target 
VEGF in addition to other angiogenic 
factors. For example! it has recently 
been found that the anti-HER2 anti- 
body trftstuzumab (Herccplin) blocks 
multiple angiogenic path ways [58]; 
combination bevacizumab and trastu- 
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zumab therapy is currently in clinical 
trials. As these combination aniian- 
giogenic therapies are developed, it 
will be important to balance the bene- 
fit of complete angiogenic blockade 
with any safety concerns chat may 
arise from a potentially too-effective 
blockade (eg, impaired wound heal- 
ing, adverse effects in kidneys, thy- 
roid, lung, brain, and heart). Judicious 
administration of antiangiogenic 
agents may provide a viable strategy 
in which multiple pathways are tar- 
geted but the blockade does not in- 
duce toxic effects. 

The optimal dosing of aniiangio- 
genic therapy is another key issue for 
further research. Preclinical data sug- 
gest that the concept of using the max- 
imum tolerated dose may not apply in 
this setting. In some studies the block- 
ade of VEGF activity resulted in ad- 
verse effects on normal vessels in 
multiple organs. [37-40] In addition, 
some early dose-escalating clinical 
studies of VEOF blockade suggest mat 
increasing the dose increases toxic ef- 
fects, which may be directly related 
to antiangiogenic activity.[7,8| How- 
ever, large-scale trials must be com- 
pleted before any conclusions can be 
drawn. 

Finally, as clinical development of 
antiangiogenic agents continues, it 
may be necessary to reconsider stan- 
dard metrics of clinical response. Early 
data suggest that these agents arc pri- 
marily cytostatic. Thus a greater em- 
phasis on patient survival relative to 
objective response may be a more ap- 
propriate way to evaluate the efficacy 
of these therapies. In addition, mea- 
surement of surrogate markers for 
functional blockade of angiogenic fac- 
tors (eg, tumor IFP, blood flow, per- 
meability, vascular density, pericyte 
coverage, circulating endothelial cells) 
is critical to optimize the dose and 
schedule of antiangiogenic agents and 
cytotoxic therapies. 

Conclusions 

Neovascularization is an important 
physiologic process that enables the 
growth and metastasis of malignant 
tumors. This process is tightly regu- 
lated, and a number of proangiogenic 
factors arc required for angiogenesis 
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to occur. Both pro- and antiangiogen- 
ic factors represent important poten- 
tial therapeutic targets in cancer 
therapy. Of these factors, VEGF is 
the most potent and predominant. 
Emerging clinical data show that and- 
VEGF therapy inhibits tumor growth 
and metastasis by inhibiting angio- 
genesis and by normalizing tumor vas- 
culaturc. This latter effect is an 
intriguing area of study thai may lead 
to the optimization of combination an- 
tiangiogenic and cytotoxic therapy. 
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derived from blood vessels of normal and | g Go 

malignant colorectal tissues. Of over 170 

transcripts predominantly expressed in the endothelium, 79 were 
differentially expressed, including 46 that were specifically elevated in 
tumor-associated endothelium. Several of these genes encode extracellular 
matrix proteins, but most are of unknown function. Most of these tumor 
endothelial markers were expressed in a wide range of tumor types as well 
as in normal vessels associated with wound healing and corpus luteum 
formation. These studies demonstrate that tumor and normal endothelium 
are distinct at the molecular level, a finding that may have significant 
implications for the development of anti-angiogenic therapies 



Tumors require a blood supply for expansive growth (1-3), an 
observation that has stimulated a profusion of research on tumor 
angiogenesis. However, several basic questions about tumor vessels remain 
unanswered. For example, is endothelium that lines blood vessels in tumors 
qualitatively different from endothelium In vessels of normal tissue? What is 
the relation of tumor angiogenesis to angiogenesis associated with wound 
healing or other physiological processes? The answers to these questions 
critically impact the potential for new therapeutic approaches to Inhibit 
angiogenesis in a tumor-specific manner. 

To determine if tumor-specific endothelial markers exist, we compared 
gene expression profiles in endothelium derived from normal and tumor 
tissue. Human colorectal cancer was chosen for these studies because it has 
a high incidence, tends to grow slowly, and is often resistant to 
chemotherapeutic drugs. Importantly, the progressive growth of this tumor 
type appears to be angiogenesis-dependent (4). 

Global analysis of gene expression in tumor and normal endothelium is 
difficult because (i) the endothelium is enmeshed In a complex tissue 
consisting of vessel wall components, stromal cells, and epithelial cells, and 
(il) only a small fraction of the cells within these tissues are endothelial. 
Thus, we needed to develop methods for Isolating highly purified endothelial 
cells (ECs) and for evaluating gene expression profiles from relatively few 
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To overcome the first obstacie, ™^™™^J*«Zr 
dispersed human colorectal tissue ^^"Xd^Tsubstantla. 

-TV o^S bv h 

h^^ sss -v -e to ^^i^sr 

(9 , we therefore purified ECs from "issues * 2 

arTd tncerous co.orectal tissue <P, g . ia>. Our purification protocol *» 
optimized the detachment of ECs from neighboring cells, leaving cell surface 
pr "ntact. and Included pos,«ve and negative affinity purifications 
using a mixture of antibodies (Rg. »). The ECs purified nom normal _ 
colorectal mucosa and colorectal cancers were essentially free of epithelial 
and hematopoietic cells as judged by reverse * anscri P tlon - p "^f vs|s 
chain reaction (RT-PCR) eng. i<5 and subsequent gene expression analysis 

(see below). 
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Fig. i. Purification of ECs from human normal and mangnant 
tissue (A) Vessels (red) of frozen sections were stained by 
mmunofluorScence with anti-PlH12 (Chemicon, Temecu a 
SSbmS) and detected with a biotinylated goat anti-mouse igG 
tSSES} antibody followed by rhodamine-linked strepav.dm^ 
The vessels stained are from within the lamina propria of normal 
Sonic mucosa E-cadherin-positive epithelial cells (green i at the 
edge QF the crypt were simultaneously visualized with a rabb,t 
DOlvclonal antibody (Santa Cruz Biotechnology, Santa Cruz, 
SBfomlX followed by a goat anti-rabbit IgG secondary 
Sbody Leied with Alexa (Molecular Probes Eugene Oregon). 
Bar, 50 (SflM. (B) For isolation of pure EC populations from 

collagenase-dispersed tissues the «P^*' " d ^SSS° 
cell fractions were sequentially removed by negative selection 
KSgnSc beads. The remaining cells were sta.ned with 
P1H12, and ECs were isolated by positive selection w.th 
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Sated by the declining wedge. (D) The relative expression 
eve?of select genes was determined by measurement of the tag 
Lhundance from several SAGE libraries combined into four 
a?oups X flrTt was composed of -193,000 tags from the two 
rXderWed EC preparations (Endothelial Cel. Fractjon) 
whereas the second contained a single library of -57 000 tags 
«Sng macrophages and other leukocytes derived from the 
negative selection (Hematopoietic : Fraction - Th ^h.rd group 
contained -401,000 tags from cultured HUVEC and HMVEC 
(Endothelial Cells in Culture), and the fourth consisted of 
-748 000 tags from six colon cancer cell lines ,n culture 
(Epithelial Cells). After normalization, the * b WJf^*ffi£ 
taa number for each marker was given a value of 100%, and the 
coVesponding relative expression levels of the remaining .three 
libraries were plotted on the ordinate. A high level of CD31 is 
apparent on hematopoietic cells, the likely cause of the ^unty 
of the initial endothelial selection, compared with the selectivity 
of P1H12. 



To evaluate gene expression, we used a modification of the serial 
analysis of gene expression (SAGE) technique (ii). SAGE / 5S0 f a 
individual mRNA transcripts with 14-base pair (bp) tags derived from a 
specific position near their 3' termini (12). The abundance of each tag 
provides a quantitative measure of the transcript level present wth.n the 
mRNA population studied. SAGE is not dependent on preexisting databases 
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of expressed genes and therefore provides an unbiased view of gene 
expression profiles. This feature is particularly important in the analysis of 
cells that constitute only a small fraction of the tissue under study, as 
transcripts from these cells are unlikely to be well represented in extant 
expressed sequence tag (EST) databases. 

We generated a SAGE library of ~96,000 tags from the purified ECs of a 
colorectal cancer and a similar library from the ECs of normal colonic 
mucosa from the same patient. These ~ 193,000 tags corresponded to over 
32,500 unique transcripts (13). The expression pattern of hematopoietic, 
epithelial, and endothelial markers confirmed the purity of the preparations 
(Fig. ID). 

We next identified pan endothelial markers (PEMs), that is, transcripts 
that were expressed at substantially higher levels in both normal and 
tumor-associated endothelium compared with other tissues. Tags expressed 
at similar levels in both tumor and normal ECs were compared with ~1.8 
million tags from a variety of cell lines derived from tumors of 
nonendothelial origin. This simple comparison identified 93 transcripts that 
were expressed at levels at least 20-fold higher in ECs in vivo compared 
with nonendothelial cells in culture (14). Among the most abundant 
transcripts, there were 15 tags corresponding to characterized genes, 12 of 
which had been previously shown to be preferentially expressed in 
endothelium (io, 15-26), and the other 3 genes not previously associated 
with endothelium (Table l). These data also revealed many novel PEMs, 
which became increasingly prevalent as tag expression levels decreased 
(Table i). We validated the expression of selected PEMs in vivo using a highly 
sensitive nonradioactive in situ hybridization method that allowed the 
detection of relatively rare transcripts from frozen sections of human tissues 
(27). Expression of PEM3 and PEM6 was limited to vascular ECs in both 
normal and neoplastic tissues (Fig. 2, A and B). For other PEMs, their 
endothelial origin was confirmed by SAGE analysis of ~401,000 transcripts 
derived from primary cultures of human umbilical vein endothelial cells 
(HUVEC) and human dermal microvascular endothelial cells (HMVEC) (Table 
l). These data also suggest that ECs maintained in culture do not 
completely recapitulate expression patterns observed in vivo. For example, 
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Hevin and several other PEMs were expressed at high levels in both 
tumor and normal ECs in vivo, but few or no transcripts were detected in 
ZZThZc or HMVEC (M. i). The source of the Hevin transcnpts was 
confirmed to be endothelium by in situ hybridization in normal and 
malignant colorectal tissue (Fig. 20. 



0 Gn» hic I Table 1. SAGE analysis reveals previously characterized and 

1 novel pan endothelial markers. The most abundant 

characterized or novel tags derived 1 by summ.ng tte^ftw. 
normal EC (N-ECs) and tumor EC (T-ECs) SAGE libraries are 
EstS in descending order. For comparison, the corresponding 
number of SAGE ta'gs found in HUVEC and HMVEC end oth ,e..al 
cell cultures, and several nonendothelial cell lines (14), are 
shown. Tag numbers for each group were normalized to 
100,000 transcripts. A description of the gene product 
corresponding to each tag is given, followed by a^mat^ve 
names in parentheses. Some uncharactenzed genes have 
predicted full-length coding sequence. The sequence CATG 
precedes all tags, and the 15th base (llth shown) was 
determined as described (38). 
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Fig. 2. Expression of PEMs is limited to ECs. (A to C) The 
endothelial origin of PEMs identified by SAGE was confirmed by 
rhighly sensitive in situ hybridization assay (27) Localizat.on of 
novel PEMs to the ECs (red stain) was demonstrated by 
examining two representative PEMs, PEMS (A) and PEM6 (B) in 
fung cancer and colon cancer, respectively. Hevm exp .ress.on 
was readily detected in the ECs of a colon tumor (Q despite .ts 
low level of expression in cultured ECs. Bars, 50 ^IM. 



We next Identified transcripts that were differentially expressed in 
endothelium derived from normal or neoplastic tissues. This comparison 
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revea led 33 ta9 s that were ^^^ZT^or 
endothelium and 46 tags that were ™ ner levels m tumor 

endothelium (2*). ^^Tu^uX^nostic and therapeutic 
endothelium are most likely to be userm to » 25 

purposes, " previously 
most differently ^ e " 9 atWe p0 | ya denylatlon sites rrabie 2). Of 

r^^'6^S.X^nU - markers of an 9 io 9 enic 
.i „« 22 2 and at least 7 encode proteins Involved in 

processes are likely to be critical to wegro Qf whjch 

remaining 14 tags corresponded to uncharactenzea gen 
have been deposited as ESTs (Table 2). 



ra G^ic I T , hle 2 SAG e tags elevated in tumor endothelium. The top 25 
image tag ratios are usceo i in u«» a 

viewino] we assigned a value of 0.5 in cases wnere . . 

^lewiiiuj » CArF lihrarips are the same as those listed in 

[Email observed. The SAGE noranes are =.o _ si , i __ r i tn inn 000 

jii!rwsttrtJo Table 1 Tag nu mbers for each group were normalized to l0U,uuu 
IPBflfil SanscriDte A description of the gene product corresponding to 
Ifrh is oiven followed by alternative names in parentheses. 
^^JtSSSiSSS^ a? the outset of these 
was recently characterized as a lectin present on ECs in cu ture 
ant on microvascular vessels of human placenta ,n vivo (41). 



To validate the expression patterns of these genes, we focused on nine 
tumlr e^lW nS-r. (TEM1 through TEM9) for which EST sequences 
buTno othe information was available ^ 2,. RT-PCR analysis was used 
to evaluate the expression of the corresponding 

derived from normal and tumor tissues of two pat.ents Afferent from the 
oncLl one used to construct the SAGE libraries. As expected on the basis 
of the SAGE data, von Wil.ebrand Factor (vWF) and PEM6 were expressed at 
s^ar levelt normal and tumor ECs from both patient,. These controls 

.._ ..^v Science Volume 2a- 2/6/2006 

PAGE 99/1 19 « RCVD AT 2/6/2006 1 1:03:24 PMJEastem Standard Tone] * SVR:USPTO-EFXRF-6/26 * DN1S:2738300 * CSID:4048156555 * DURATION (mm-ss):5546 



02/06/06 23:42 FAX 4048156555 KS ATLANTA 

Ovid: Croix: Science, Volume 289(5482).August 18, 2000.1 197-1202 



@100 

Page 57 of 63 



were not detected in purified tumor epithelial cells (Fig. 3A). In contrast, 
all nine TEMs chosen for this analysis were prominently expressed only in 
tumor ECs, but were absent or barely detectable in normal ECs (Fig. 3A). 
These RT-PCR assays were sensitive indicators of expression, and the 
absence of detectable transcripts in the normal endothelium, combined with 
their presence in tumor endothelial RNAs even when diluted 100-fold, 
provides important confirmation of their differential expression. These 
results also show that these transcripts were not simply expressed 
differentially in the ECs of the original patient, but were characteristic of 
colorectal cancer endothelium in general- 



Fig. 3. Expression of TEMs- (A) RT-PCR analysis confirmed the 
tumor-specific expression of novel TEMs. Semiquantitative PCR 
analysis was performed on cDNA generated from purified tumor 
epithelial cells as a negative control (Control) or from purified 
ECs isolated from normal colonic mucosa (Normal ECs) or 
colorectal cancer (Tumor ECs) from two different patients. Two 
endothelial-specific markers, vWFand PEM6, showed robust 
amplification only in the endothelial fractions, whereas GAPDH 
was observed in all samples. TEM1, TEM7, and TEM9 were 
specifically expressed in tumor ECs, The cDNA template was 
diluted 1:10, 1:100, 1:1000, and 1:10,000, as indicated by the 
declining wedge. (B to 3) The endothelial origin of TEMs 
Identified by SAGE was confirmed by in situ hybridization, as in 
Fig 2. Expression of TEM1 (B) and TEM7 (C) was highly specific to 
the ECs in colorectal cancers; sections were imaged in the 
absence of a counterstain to show the lack of detectable 
expression in the nonendothelial cells of the tumor. TEM7 was 
also expressed in ECs from a metastastic liver lesion (D) arising 
from a primary colorectal cancer, and primary tumors derived 
from lung (E), breast (F), pancreatic (G), and brain cancer (H), 
as well as in a sarcoma (I). TEM7 expression was also localized 
to vessels during normal angiogenesis of human corpus luteum 
(J). Bars, 50 &j[M. 



To exclude the possibility that the differentially expressed transcripts 
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were derived from contaminating 
situ hybridization on normal and neo^c colon tney were 

where transcripts couid be detected ^ ^^ution must be 
specifically localized to ECs (34, p*. 3. results, none of the 

used when •^»^ n E ^^^' «*>— 

To determine whether TEMs were specifically * e 
endothelium from primary colorectal cancers, orwheth ert hey »^ 
characteristic of tumor endothelium in general, we stud.ed the expression 
a "re^WeTEM (TEM7) in a iiver metastasis from a 
a plary sarcoma, and In primar, cancers of the lung, P"^JT* 
and bram. As shown In R,. 3, the TEM7 transcript was expressed ^« 
,n the endothelium of each of these cancers, whether metastatoc <F, g _ ») or 
primary (Fig. 3, E to I). Analysis of the other six TEMs (TEM 1, 3, 4, 5, 8, 
and 9) revealed a similar pattern In lung tumors, brain tumors, and 
metastatic lesions of the liver (34). 

Finally, we investigated whether these transcripts were expressed In 
angiogenic states other than that associated with tumorigenesis. As 
assessed by in situ hybridizations, these transcripts were generally 
expressed both in the corpus luteum and in the granulation tissue of healing 
wounds (34) (Rg. so. One possible exception is TEMS, which we failed to 
detect in corpus luteum. In all tissues examined, express,on of the genes 
was either absent or confined to the EC compartment. 

The studies described above provide a definitive molecular 
characterization of ECs in an unbiased and general manner. They lead to 
several important conclusions that have direct bearing on 
hypotheses about angiogenesis. First, normal and tumor 
highly related, sharing many endothelial cell-specific markers. Second, the 
endrfhel urn derived Mm tumors Is quaiitatively different from that denved 
from normal tissues of the same type and is also different from pnm.ry 
endothelial cultures. We Identified 46 transcripts that were expressed at 
sutetantlaliy higher levels (>l<MWd) In tumor endothelium than ,„ normal 
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maintained In culture. Th.rd, »<^ ne demonstra ting that 

grounding norma, tissue. Fourth, >™** ngiogenesis 

0 ;rpT^^^ 

^.SSSoinB corpus luteum suggests that 

differences between tumor anglogenesis and normal angiogenesis. 

Finally, it is perhaps not surprising that so many of the endothellal- 
speclfic transcripts identified in this study, whether expressed only n 
neovascuiature or ,n endothelium In genera., ha« ;"°^~' y ECs 
characterized, and some are not even represented in EST databases. ECs 

a minor fraction of the total cell population within normal or 
"mor tissues! and only those EC transcripts exposed at the highest levels 
would be expected to be represented in libraries constructed from 
unfractlonated tissues. The genes described in the current study 
therefore provide a valuable resource for basic and clinical studies of human 
angiogenesis in the future. 
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resurain the increased activity of angiogenic promoters 
upregulated by hypoxia inducible factor (HIF) [7]. Such 
changes in the relative balance of inducers and inhibitors 
may activate the 'angiogenic switch' [8]. Angiogenesis in 
chronic ulcers, inflammatory diseases and tumors, may 
originate in sprouting, in intussusception and by incor- 
poration of endothelial precursor cells [9]. 

The angiogenesis that occurs during the repair of 
connective tissues via the formation of new microvessels 
has long been considered essential for all forms of 
cutaneous wound repair (1 } 10]. Since the integrity of the 
nascent endothelium within the wound bed also governs 
leukocyte trafficking, any angiogenic perturbations are 
expected to have a profound impact on the inflamma- 
tory responses that modulate wound impair [11, 12]. 

Subsequent to wounding, the tissues undergo a degree 
of hypoxia which triggers secretion of VEGF [13] and 
induces the inflammatory angiogenesis [7], Numerous 
studies have associated increased vascular density dur- 
ing wound healing with accelerated wound repair [14]. 
To date, studies have shown thai traditionaJ cytokines 
such as transforming growth factor-/? (TGF/T), tumor 
necrosis factor-oe (TNFtx). basic fibroblast growth factor 
(bFGF), platelet derived growth factor (PDGF), VEGF 
increase the angiogenic response when they are topically 
applied [15-19]. Conversely, delays or reductions in mi- 
crovessel ingrowth due to impaired blood circulation 
have long been correlated with negative wound healing 
outcomes in the diabetic and aging population [20-26]. 

The present study differentiates between physiological 
and pathologic angiogenesis [9, 2.7] in the wound healing 
process. CM101 is derived from group B streptococcus 
(GBS) which is linked to the respiratory distress 
syndrome in neonates known as early onset disease 
[28, 29]. CM 10 1 binds to a unique membrane glycopro- 
tein HP59 which is expressed only in the neonatal 
vasculature and later in life in pathologic vasculature 
associated with pathologic angiogenesis [30]. Comple- 
ment (C3) is activated by the alternative pathway and 
binds immediately to CM 101 when it is bound to the 
endothelial target protein HP59 [31]. CMlOl can be 
detected 5 min post-Lv. infusion in the tumor endothe- 
lium. Monocyte infiltration occurs at 5 min post-infu- 
sion and leads to endothelial apoptosis within minutes 
[31]. 

The CM101 target protein HP59 has been shown by 
immuno histochemistry on the endothelial cells of the 
pathologic vasculature in human and murine rumor [30], 
human neonatal and hemangioma lung vasculature (C. 
Fu el al., unpublished); and pathologic vasculature in 
rheumatoid arthritis and atherosclerotic lesions (BD 
Wumil el al., unpublished). In human adults, HP 59 
protein is selectively expressed in the tumor vasculature. 
The binding of CM 10 1 to these receptors induces an 
inflammatory reaction targeted to the vasculature of the 
tumor [32]. This cascade of events leads to tumor 
shrinkage and to rapid wound healing of classic Kaposi 
sarcoma lesions (33). CM101 was also shown not 
to inhibit wound healing in a mouse sponge model 
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suggesting its selectivity for pathologic angiogenesis 
[34]. 

CM101 was demonsiraied to be an anti-pathoangio- 
genie ageni [31], which also inhibits the hypoxia-induced 
vascular sprouting associated with vascularization of 
glioma spheroids [35] and with inflammatory angiogen- 
esis in wounds [36]- The inhibition of formation of 
inflammatory angiogenic sprouts led to a remarkably 
rapid wound closure (24 h) and full tensile strength was 
achieved within 7 days in a mouse model [36). We 
postulate that when mature endothelial cells de-differ- 
entiate, in order to sprout [9]» they express the HP59 
protein and become targeted by the polysaccharide 
CM101 and eliminated by leukocytes [31, 37]. 

In this report, we presem data suggesting that 
intravenous administration of CM 101 accelerates 
wound rc-cpilhelialization and healing. The collective 
data support that normal wound healing involves both 
physiologic and inflammatory pathologic angiogenesis 
and that inhibition of the latter accelerates the wound 
healing process. 



Materials and methods 

Porcine wound model 

The porcine model was utilized since its cutaneous 
vascula turc and thermoregulatory properties more closely 
resemble human skin as compared to furry rodent 
models. All procedures were carried out in accordance 
with the guidelines specified by the Institutional Animal 
Care Committee at Vanderbilt University and were 
similar to our previously described procedures [15, 16, 
38-40]. Adolescent Yorkshire pigs weighing approxi- 
mately 80 lbs were induced with an intramuscular 
injection of ketamine (0.22 mg/kg) and xylazine 
(0.22 mg/kg). Pigs were maintained under general anes- 
thesia on an inhaled mixture of halo thane and oxygen. 
Skin over the dorsal surface of the animals was shaved, 
cleansed with soap and prepped with betadine antiseptic. 
A Padgett dermatome (Kansas City, Missouri) was used 
to create 2-6 full-thickness wounds (extending into the 
superficial layer of cutaneous fascia) and 2-6 partial- 
thickness wounds (approximately 1250 fi in depth) along 
the paravertebral region of each animal. The four 
experimental animals had 2, 2, 5, and 6 wounds for a 
total of 15 wounds of each kind. Both control pigs had 
five wounds of each kind. After hemostasis was achieved, 
wounds were covered with a semi-permeable, adhesive, 
polyurethane dressing (Op-Site, Smith and Nephew, 
Largo, Florida) to prevent contamination and minimize 
dehydration of the wound bed. Subcutaneous injections 
of fiuprcnex analgesic were administered every 8 h for 
the first 48 h after injury. On alternating days, pigs were 
lightly anesthetized to cleanse the wounds with saline 
moistened gauze, and wounds were re-covered with 
occlusive bandage. Photographic documentation of the 
surface of each wound was performed on days 4 and 7. 
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An anti-angiogenic agent (CM 101) enhances wound repair 

Half of the wounds were excised on day 4 after injury and 
the remaining wounds were removed at xhe conclusion of 
the experiment on day 7. 

Treatment regime for CM 101 

After the initial wounding procedure was complcLcd, 
hemostasis achieved and the bandaging completed on 
day 0, pigs were randomly assigned into groups. The 
experiment group (n = 4) was given an intravenous bolus 
of 7.5 j/g CMlOl/kg and a control group (« = 2) 
received a similar volume of the placebo vehicle. This 
dosage was selected based on previous studies with 
CM 101 in ameer patients [33]. Pigs were returned to 
their cages and closely observed for signs of fever or 
hyperthermia during the first 4 h following introduction 
of CM10L At 72 h after injury, pigs were lightly sedated 
and were given a second intravenous bolus of cither 
CM 101 or placebo vehicle- 

CM1Q1 preparation 

CM 101 was purified from autoclaved culture media of 
GBS fermentations [41]. The culture supernatant after 
centrifugation was concentrated by recovering the rc- 
tentate from a 10 K polysulfone cassette (Millipore, 
Bedford, Massachusetts). The concentrate was made 
70% in alcohol and the precipitate was subjected to 
phenol/water extraction. CM101 was recovered from the 
water phase following DEAE-sephadex and sepha- 
rose column chromatography. Final purification was 
achieved by Lentil Lectin chromatography. CM 101 was 
sterile filtered into vials, lyophilizcd and subjected to 
sterility, pyrogen, and efficacy tests for use in the clinic. 
A sample from this lot was used in this study- CM101 
was dissolved in PBS for i.v. injection at 7-5 fig/kg in 
I ml. 

Photographic analysis I laser Poppier perfusion imagUig 

On days 4 and 7, the animals were lightly anesthetized. 
Following the cleansing procedure, wounds were pho- 
tographed with a DC260 zoom camera (Kodak Digital 
Science). Images were downloaded into Adobe Photo- 
shop Software where composite photographs were 
formatted. Laser Doppler perfusion imaging (LDPI) 
was used for real lime assessments of blood flow in each 
wound bed on days 3 and 7, The Lisca PIM II device 
(North Brunswick, New Jersey) with a high-resolution 
head was placed at a standard distance from each 
wound site in anesthetized animals while under standard 
room illumination. The scan area included the entire 
wound site and margins. When the scanning procedure 
was terminated, a color-coded image representing the 
microvascular blood flow distribution appeared on the 
computer screen. Low perfusion was displayed in dark 
blue and the highest perfusion areas were displayed in 
red- Pseudo color images were transferred to the NIH 
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Image 1 ,62 software, and perfusion was calculated as a 
mean voltage signal for a standardized area. 

Preparation of monoclonal antibodies to HP59-derived 
peptides 

Balb/c mice were initially injected with 100 /xg of a 
synthetic peptide based on the hydrophobic HP59 
sequence from a.a. 50^3 (GenBank AF 244 578) 
conjugated with keyhole limpet hemocyonin (KLH) 
(Sigma Gcnosys, Inc., Texas) in complete Freund's 
Adjuvant followed after 2 weeks with 100 p% of HP59 
peptide in incomplete Freund's Adjuvant (Sigma). Four 
weeks after the initial injection, the mice were boosted 
with 100 fig of peptide alone. The boost was repeated 
twice at 1 week intervals. Antibody titers were deter- 
mined by ELISA. Three days prior to cell fusion, 50 ug 
of HP59 peptide was injected intravenously into the 
mice as a final boost- Spleen cells from mice immunized 
with HP59 peptides were fused with X63-Ag-8653 
murine myeloma cells as described by Fu and Carter 
[42J. Fused cells are plated into 96 well-cultnre plates 
(Costar Corporation, Cambridge, Massachusetts), and 
subsequently screened for IgG iecogiiizing synthetic 
HP 59 peptides. Positive cultures were then expanded, 
subcloned and screened for hybridomas producing 
mAbs for immxmohislochcmistry on frozen or fixed 
tissue sections. The mAbs were affinity purified by HP59 
peptide affinity chromatography [42]. 

Histological preparation and immunohistotogical staining 
procedures 

All exrisional wounds submitted for histopathology 
included normal skin margins at both edges. Partial- 
thickness wounds also contained underlying non- 
wounded dermis. The wounds, 15 experimental and 10 
control wounds of each kind, were divided into five 
pieces. Three random slices running from normal 
margin to normal margin were collected from each 
piece. These samples were fixed in 4% paraformalde- 
hyde for 48 h and embedded in paramn. Representative 
sections (6 fun) were stained with GomOri's Trichrome 
for morphomctric analysis of the percentage of resu> 
facing and the depth of the granulation tissue [15, 39, 40, 
43]. For immunohistochemical staining, sections were 
deparaffinized through xylenes and rchyd rated through 
a graded alcohol series to PBS. Endogenous peroxidase 
activity was quenched by treating with 3% hydrogen 
peroxide in aqueous methanol for 20 min at 25 °C 
followed by PBS rinses. 

Immunohistochcmical analysis for vWF and HPS9 
To detect the presence of the receptor for CM101 (HP59) 
in the nco vasculature within porcine wounds, sections of 
partial-thickness and full-thickness wounds at post- 
injury day 4 were reacted with a monoclonal antisera 
to CM101 receptor- Sections were dcparaffinated by 
immersing slides in xylene at RT twice for 5 min. The 
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slides were ihen transferred to fresh absolute alcohol and 
rehydratcd through a graded alcohol series, ending wilh 
PBS. The sections were digested with proteinase K 
(Dako Corp, Carpintera, California.) for 5 min and 
rinsed with PBS. Tissue sections were then treated with 
0.1 M sodium borate buffer for 20 min and washed with 
PBS. The sections were blocked with a Biotin blocking 
system (Dako) washed with PBS and blocked For 40 min 
with PBS containing 5% BSA and 5% normal 6oat 
serum. Ten ug/ml of amrnty purified monoclonal anti- 
HP59 antibody In PBS was added to each section and 
incubated in a humidified chamber for I h at RT. The 
slides were washed three times with PBS containing 0.1% 
triton X-100 (T-PBS) and incubated with biotinylated 
goat anti-mouse Fc IgG (Dako) using the same condi- 
tions as described for the primary antibody. The slides 
were then washed three times with T-PBS- Strcptavidin 
fluorescein isoihiocyanate (FTTC) conjugate (Gibco 
BRL) was added to the sections and incubated for 
40 min in a humidified chamber. The slides were washed 
again with T-PBS and rabbit anti-human Van Wilh- 
brand factor fgG (Dako) diluted 1:2000, was added to 
the sections and incubated for 1 h. The slides were 
washed with T-PBS, and incubated for 1 h with bioti- 
nylated goat anti-rabbit IgG (Jackson Immuno- 
Research). After washing with T-PBS a Strepxavidin 
Cy3 conjugate (Molecular Probe) was added to the 
sections and incubated for 40 min at RT. The slides were 
washed with T-PBS, dehydrated and mounted with cover 
slips. 

To selectively highlight all endothelial cells within 
wounded areas for the purpose of automated niorpho- 
metric analysis, sections from 7 day wounds were 
immunostaincd for factor Vm antigen (von Wttlebrand 
factor) at a dilution of 1/900 followed by incubation for 
30 in the reagents supplied in an Envision* kit (Dako) 
[16, 39]. Sites of inununorcactivity were visualized with 
brown DAB chromogen (BioGcnix, San Ramon, Cali- 
fornia). Slides were lightly countcrstained with Mayer's 
hematoxylin, dehydrated and covcrslipped. 

Morphometry analysis techniques 

Image ProPlus software (Media Cybernetics, Silver 
Springs Maryland) was used to analyze tissue sections 
viewed' on the stage or a Vanox tight microscope 
interfaced via a Progressive Research Digital Camera 
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(Konatron Electronic Germany). Three random sec- 
tions from each wound of both types (15 of each 
experimental; 10 of each for control) were used to collect 
measurements- These data were obtained by an observer 
blinded to the experimental protocol. In brief, the 
percentage of wound resurfacing was determined by 
measuring the sum of the new epidermal islands and 
migrating margins within the wound section and divid- 
ing this by the total distance from the right to the left 
wound margin [15, 161- The depth of the granulation 
tissue was defined as the distance, in microns from the 
bottom of the migrating epidermis to the interface of the 
granulation tissue with the normal, non-wounded epi- 
dermis in the partial-thickness wounds. 

The granulation tissue in partial-thickness wounds is 
visually obvious on Trichrome-stained sections (39, 40]. 
Dermal depth was not assessed near the wound edge, 
nor was ft taken immediately adjacent 10 hair follicles. 
Since factor VIJT hmnonostaining selectively highlights 
only the endothelial components of the skin, this 
circumstance facilitates the computerized identification 
or the microvascular bed. The color scale on the Image- 
Pro software was adjusted to recognize the brown 
stained area representing microvessels whether they 
were in cross-section, longitudinal or tangential sections 
[16J. Within each wound, (n = 15 experimental or 10 
control for each kind) measurements of 20 random fields 
of 230,000 at 2 were performed. All fields were sampled 
from the upper region of the granulation tissue 0D day 7 
wounds. 



Results 

Assessment of revascularization within wound beds 

Visible differences between treatmeni groups 
Macroscopic differences in the color and healing char- 
acteristics of the wounds were readily apparent between 
the animals receiving CM101 vs. Ihose receiving the 
placebo vehicle. To the unaided human eye, wounds 
from animals receiving two intravenous CM 101 treat- 
ments appeared less red (Figure I). This finding is 
indicative of at least three possibilities: (a) diminished 
neovascularization (b) a decline in microvesscl number 
that marks a more mature wound or (c) an increased 
deposition of extracellular matrix molecules such as 



and fully ^surfaced, 
placebo-itcatcd voiaris- 
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Laser Doppler Perfusion Index 
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tfcute 2. Continued 



collagcns. In addition io an apparent difference in 
vascularity, the chicT surface characteristics of wounds 
from CMlOl-treatcd animals were increased opacjty 
and dullness, a circumstance that is normally observed 
as wounds become resurfaced with new epithelium 
(Figure 1). These findings were consistently observed 
in partial thickness as well as full-thickness wounds. 

Dynamic blood flow differences as assessed by the loser 
Doppler perfusion index 

Steady state in vivo assessments of blood flow within 
wounds were obtained on days 3 and 7 using laser 
Doppler perfusion imaging (Figures 2a, b). .figure 2a is 
a pseudocolored representation of differential blood flow 
scanned with a wound on day 3 and its companion data 
is numerically displayed in the Figure 2b graph. These 
dynamic data show that in partial-thickness wounds on 
day 3, blood flow is greatly reduced in the CM101- 
trealed wound group (/> = 0.00l). The magnitude of the 
difference was more prominent in the full-thick- 
ness wounds, where the blood flow in the CMlOl^ 
treated wounds was threefold less than the non-treated 
control wound bed. By 7 days after injury, the partial- 
thickness wounds on pigs treated with CM101 were still 
showing diminished blood flow as compared to the non- 
trcaiment group (i>=0.05). It is noteworthy that the 
blood flow in non-involved skin between the partial- 
thickness wounds remained at a steady state level 
between days 3 and 7 after wounding of CM 101 -treated 
animals. Flow imaging of full-thickness wounds on day 
7 revealed that wounds in animals treated with CM101 
continued to have a diminished blood flow compared 
the wounds in the control animals (J* = 0-05). 

Histology vascular density 

Histological differences between the CMlOl-treatcd and 
placebo-treated wounds were most pronounced on day 7 
tjost-iniury. These differences were apparent in both the 
Trichrome stained sections (data not shown) and the 
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sections selectively immunostained with the endothelial 
marker (factor VIII) (Figure 3). Wound beds from 
placebo-treated animals showed an influx of fibro- 
blasts macrophages and numerous dilated microvcssels 
(Figure 3). By contrast, in the CM101 treated animals, 
the vascular density and influx of inflammatory cells 
were visibly diminished (Figure 3). 

Computerized marphometric analyses of factor vnl 
irnmunostaincd tissue [n = 20 fields x 15 wounds) were 
used to quantitate the histological observations. The 
differences in vascular density between the wounds on 
experimental animals and the wounds on control 
(n = 20 fields x 10 wounds) in both the partial-thick- 
ness wounds (F < 0.05) and full-thickness wounds 
(P < 0.001) were significant (Figure 4). The most dra- 
matic impact Of CM10J treatment on vascular density 
was evident in the full-thickness injuries. Full-thickness 
wounds on animals treated with CM101 had i/3 the 
vascular density compared to wounds of untreated 
animals. The magnitude of the difference in CM101 
treated wounds was greater in the full-ihtckncss injuries 
than in the partial- thickness injuries. This was not 
unexpected since the neovascuJaturc comprises a larger 
volume within the granulation tissue that develops 
within a full-thickness wound as compared to a par- 
tial-thickness wound. 



Qualitative assessment of vasculature 

CM 101 binds HP59 receptors that arc expressed in de- 
differentiated pathologic endothelial cells. To illustrate 
the spatial localization of physiologic and pathologic 
vasculature, double immunofhiorescent staining for 
HP59 and VWF was performed (Figure 5). Endothelial 
cells within the wound beds were identified with factor 
Vtll iramunostaining (rcd:rhodamine distribution). Sites 
where co-localization of factor VIII and the HP59 
receptors were present are visible as yellow within the 
wound bed (Figure 5). Thus inimunohistochemical 
analysis demonstrated that the microvascular bed in 
wounds from CMlOl-trcated animals is devoid of HPS 9 
positive pathologic anagenesis. By contrast, endothe- 
lial cells expressing HP59 receptors comprised the 
majority of the endothelial network within the wound 
beds of the placebo-treated pigs. 

Qualitative evaluation of granulation tissue 

Histologic differences between the CM101 -treated and 
placebo-treated wounds were most pronounced on day 7 
post-injury. An important parameter for assessment of 
the extent of healing is Qie production of granulation 
tissue or neodermis. Quantitative dermal depth evalua- 
tions were conducted on Gomori stained Trichrome 
sections on days 4 and 7 after the excisional injury- 
Measurements collected from these wounds showed 
notabLc differences between the experimental and con- 
trol groups (figure 6). On d^y 4, both the partial- and 
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FtsuK J- Immunohisiochcniical atainin* Tor factoT Mil within full 
thickness porcine wounds on day 7. Panel A *hows the $ftnulation 
tissue wilt die cen^r of a wound from a pig treated with two dosages 
of CM101- MicrovwsiU are sparse, very small in dmrwercr and the 
granulation Liisuc faaa an organized horizontal ..fganizarion. Panel & 
shows Oic central wound bed from a ptoccbo treated pig. Micitn«**c!s 
comprise a large percentage of (he matcriul irt this granulation dstue 
but the organizational character of the granuhtiort tissue appears mors 
irregularly arranged and heavily populated than in the CM101 treated 
wound. Size bar = 100 ^ 



Total Capillary Area 




Figure 4. Quantitative assessment of microvascular density within 
porcine wounds at day 7. Total areas occupied by microvcsscis within 
standard hifih magnification field* £30.000 were colorimetricaUy 
assisted from factor Vltf imiminostaincd section*. Values represent the 
mean ± SEM of 20 fields from each of die 1 5 experimental and IQcontrOl 
wounds vidua the upper region on the granulation ii™ Swusncal 

dltttatt wounds ^ * m» 



Figures. Sites of the CM 101 receptor (HP59) on microvascular 
endothcaum arc shown by double immunosUinin B (yeUow). The 
location of the endothelium is shown m red. HP59 Tecep tor co-localizes 
with endothelial cells (yellow) b» most of the endothelial cells (Panel A) 
in control wounds on day 4. No co-localization was detected oa any of 
Ihc njicroveswls from a wound removed from a pig receiving two doses 
of CMJ01 and fewer were present within the wound bed. magnifiea- 
Lion= 100 J*. 



full-xJiickncss CMlOl-ireated wounds had significantly 
thicker granulation tissue and 0.001, respec- 

tively) than the non-treated wounds. By day 7 after 
wounding, there was no significant difference in the 
thickness of the granulation tissue between the control 
and CMlOl-treated groups Tor the partial-thickness 
wounds- The full-thickness wounds treated with CMlOl 
showed a significant decrease in Oie thickness of the 
neodermis (P = 0-001). 

Quantitative evaluation of re-epithelialization 

An additional parameter for evaluating the success of 
wound healing treatments is surface closure. The effects 
of te-epUheUalization »*er 1 davs iS * hown 
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macroscopically in Figure 1. The surface of the full- 
thickness CMlOl-treated wound appears to be covered 
with a raOier thick epidermis that renders the surface 
rather opaque. The quantitative assessment of resurfac- 
ing is expressed in Figure 7. Among the wound groups 
at the early time point (day 4) after injury, differences 
in the extent of resurfacing were negligible and no 
significant differences were observed. However, by 
7 days after injury, a dramatic effect was observed in the 
CMlOl-trcatcd groups. Resurfacing was nearly com- 
plete in Lhe partial-thickness wounds of the CM 101- 
treatcd pig while the comparable wounds from lhe 
conirol pig were 55% resurfaced on the average 
(? = 0.001). Although the full-thickness wounds lagged 
behind in their rate of resurfacing as compared to the 
more shallow partial-thickness excisions, the CM101- 
treatcd full-thickness wounds by day 7 showed more 
extensive resurfacing than the full-thickness control 
wounds (i>=0.05). 



Discussion 
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Depth of Granulation Tissue 




Figure 6. Quantitative assessment of lb* depth of granulation tissua in 
the porcine wounds on days * and 7. The mean depth of toe 
granulation tissu* or neodermal region determined as described it> 
lhe Materials and Methods. Values arc expressed us lhe mean ± SEM. 
5luii$u<sd significance was at> follows 4 day panial thickness 
</> = 0.05). 4 day Ml thiclcneas (P= 0,001), 7 day full thickness 
(^=0-001)- Computerized measurements were collected from Tri- 
chrome stained sections. 



The field of angiogenesis in wound repair is currently 
receiving intense attention. For the past 15 years, 
increased angiogenesis has been associated with accel- 
erated repair [14]. Only a few rare papers have suggested 
that moderate impairment of angiogenesis alone did not 
necessarily retard normal wound healing. In one study, 
integrin was blocked but the reduction in angio- 
genesis did not prove detrimental to numerous 
wound parameters [44]. In another, CMlOl was shown 
to inhibit scarring in the spinal cord following trauma 
[45]. 

To date, work with wound healing models has shown 
that impaired wound repair is associated most often 
with delayed or impaired angiogenesis. In an aged 
mouse model, a positive correlation was demonstrated 
between the age of the mice and delayed angiogenesis 
[24]. Similarly, eNOS-dehcient mice showed a signilicant 
delay in microvesse! ingrowth suggesting that a lack of 
endothelial derived nitric oxide synthetase was associ- 
ated with delayed angiogenesis as well as wound closure 
and strength [25]. In addition, Davidson and Broadlcy 
[18] using neutralizing anti-bFGF antibody showed 
impaired healing. Decreased VEGF correlated with 
declining levels of angiogenesis and poorer healing 
outcomes in db/db/mice [26]. 

The present study provides Strong evidence that 
administration of the bacterial toxin CMlOl has a 
profound impact on the angiogenic process that nor- 
mally occurs following cutaneous injury. Our data 
suggest that inhibition of the hypoxia induced inflam- 
matory angiogenesis which occurs during normal wound 
repair can accelerate the physiologic process. By inhib- 
iting the inflammatory process, activated leukocyte 
infiltration is reduced leading to less secondary tissue 
damage- The systemic delivery of CMlOl produces a 
positive biological outcome. Dynamic blood flow mea- 
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Figure 7. Quantitative assessment of re-cpiihelializadon in porcine 
wounds measured at 4 and 7 days after injury. At 4 days after Injury* 
no significant differences were observed among the different treatment 
3 roups. As expected negligible resurfacing was present after 4 days in 
the full thickness injuries. At 7 days after injury both the partial- and 
full-thickness CMiQl treatment wound* w*rc significantly mor* 
resurfaced than their corresponding non-treated wound*. The full- 
thlcknew CMlfJl-Lrcatcd wound* were almost twice us resurfaced as 
non-treated woundfc- 



suremcnts, roorphometric analysis of vascular density 
within the wound bed, and double immunofluorescent 
immunostaining all support the supposition that CMlOl 
selectively targets and thwarts the development of only a 
portion of the microvascular network within healing 
wounds. While considerably fewer microvesselS are 
delected within the CMlOl -treated wound, the granu- 
lation tissue appears, upon histological examination, 
otherwise normal in its histological features on days 4 
and 1 after injury. 
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Earlier studies have shown that the target protein for 
CM10U HP59 is expressed iu pathologic inflammatory 
angiogeiicsis that is associated with granulation tissue 
and also with rumor development [30], The HP59 
receptor is not, however, present on the surface of 
normal adult endothelial cells and does not affect 
physiological vasculature. CM101 hinds to Ihe mem- 
brane glycoprotein, HP59 in tumor neovasculaturc 
which activates complement and the targeted endothe- 
lial cells are eliminated by leukocytes within minutes [3 1 ] 
and CM101 is eliminated in the urine [23]. We postulate 
that under the hypoxic conditions, inflammatory angio- 
genesis is initiated and endothelial cells become com- 
mitted to sprouting and express HP59- These cells are 
immediately targeted by CM 101 and the sprout would 
be eliminated by leukocyies [35, 36]- The subsequent 
reducbon in the microvcssel network produced a desir- 
able biological outcome, accelerated wound healing 
in the mouse [36] and a reduction in tumor size in 
both tumor-bearing mice and humans [32, 33, 46]. The 
expression of the HP59 receptor on endothelial cells 
v/iihin Ihe similar hypoxic environments lhat exists 
within both tumors and wounds is not surprising since 
many years ago Dvorak proposed that tumors arc really 
wounds that Tail to heal [47]. In our clinical application 
of CM101, a patient with classic Kaposi sarcoma 
experienced not only tumor ablation but it was noted 
that within 3 weeks there were no scars left behind [33]. 

In this study, we examined the effect of CM101 on re- 
epitheljalization in full- and partial-thickness wounds in 
the pig model. The result obtained when CM101, was 
infused 1 h post-injury, show that CM101 inhibited for- 
mation of blood vessels expressing Us target HP59 in the 
wounds, whereas vessels containing the pathoangiogcnic 
marker HP59 were abundant in the placebo-treated 
animals. 

The present findings would suggest that the angio- 
genic processes of wound repair involve both physio- 
logic and pathologic angiogenesis and that inhibition of 
the latter could prove beneficial for wound repair m a 
clinical application. 

Acknowledgements 

Wc appreciate the expert technical assistance of Nancy 
Cardwell, Joseph Watson, Jesse Britlon, Amy Nunnclly. 
We thank Pamela L, Chunn fo r prcpari ng the manuscript- 
This work was supported by GM 40439 (LBN), AG06528 
(JMD), the Office of Naval Research (JMD), and the 
Department of Veterans Affairs (JMD). A portion of this 
research was supported by CarboMcd, Inc, in winch 
BDW, W-PY, and CGH have a financial interest. 

References 

I Singen MW. Role of leukocytes and endothelial cells in the 
' development of anagenesis in inaammaUon and wound haling. 
Arch P&ilicA Lab Med 200 V. 125; 67-71. 



9. 
10. 
11. 

12- 
13. 

14. 
15. 

16. 
17. 
IS. 
19. 

20 
21 



69 

Arnold F, Wcsl DC. Angiogeiusis <n wound healing. Pharmacol 
The; 1991; 52; 40^-22. 

Shwciki D, Itin A, SofTcr D, Kcshet E. Vascular endothelial S">wth 
factor induced by hypoxia may mcdhva hypoxiH-inmaied angio- 
genesis. Narurc 1992; 359(6398); 843-45. 

Baftfiftay J ArtfiiogHiesis: Mechanistic in-denl*, nco vascular 
diseases, and therapeutic approaches. J Mol Med 199fi; 73; 333-46. 
Foreman J. Angiogcucsis and ajigio^ertic inhibition: An oversaw. 
In Goldberg ED, Rosen EM (eds): Regulation of AP&togenesw, 
Base!: Birkhauacr Vcrfog 1997; 1-8. 

Casey R, Li WW. Factors controlling ocular angiogenesis. Amcr J 
OphtaJmol 1997: 124: 521-29. 

Forsythe JA, Jiang BH. Iyer NV cxal. Activation of vascular 

endothelial growth factor t*ac. transcription by Hypoxia-lndodblc 

Facw I- Moi Cdl Biol 1996, 16: 4604-13. 

BussolinO F, Manlovani A. Persico G. Molecular mechanisms 

of Wood vessel formation. Trends Biochcm Sc5 1997; 22: 251- 

56. 

Carraclict P. Jain RK. Angiogenesis in cancer and other diseases. 
NaLurt 2000; 407: M9-57. 

Kovaca EJ, DiPletro LA- Fibrogcmc cytokines and connective 
tissue production. FASEB J J 994; 8: 854-6 1. 
Dclmax M, Crown LF, Schon MP « al. Increased microvascular 
density and enhanced leukocyte rolling und adhesion m ihe skin Of 
VECf transgenic mice. J Invwt Dermatol 199fi; 111: 
ArhisCT JL. Autogenesis and ihfi sldm A primer. J Am Acad 
Dermatol 1996; 34: 4B6-97- , 
Brown LF, Yeo KT, Bcr*e B ctal. Expression of vascular 
permeability factor (vascular endothelial growth factor) by epi- 
dermal kcralinocyics during wound healing- J £*P Mcd l99 * ,7fi: 

Kyrialddes TR, Tarn JW, Boraslein P. Accelerated wound healing 
in mice with a disruption of die thrombospondra 2 gai* J Inveu 
Dermatol 1999; 1 13: 782-87. 

Quaglino D, Nanncy LB, Kennedy R. Davidson JM. Transform- 
mg growth ractor-betH stimulates wound healing and modulates 
extracellular matt* gene expression in pig skin. L Emsional 
wound model. Lab Invest 1 390; 63: 307-19. 
Roesd JF, Nunflcy LB. Assessment of difTcrenLial cytokine efTeera 
on angiogenesis using an m viva model of cutaneous wound repair. 
J Surg Res J 995; 58: 449-59. 

Nito*n NN„ Polvcrini P). Gameiii RL, DiFieifo LA. Basic 
fibroblast growth factor mediates angiogenic activity m early 
aurmcal wounds. Surgery 1D96; 1 19: 457-65. 
Davidson JM. Broadley KN. Manipulauon of ihe wound-bealmfi 
process with basic fibroblast growth fucWf- Ann NY Acad Sc 
1991- 638; 306-15. . 
Pierce GT, Tarpley JE, Yanahara D al. Plaortct^cnved 
growth tuKWf (BB homidimer), Lranaformixig growth ftictor-bcta 
I, And basic Tibfoblasc growth factor in dcrmul wound healing. 
Neovsss*! and mnvix fonnauon and cessation of repair- Am J 
Pathol 1992; 140: 137S-8B. 

Rivnrd A, Fubre JE, SUver M ctal. Age-dependent impairment or 
ancioaenefi*- GrculaUOd 1999; 99: 111-20. 
, Ortega S. Utman M. Tsunfi SH el aJ. Neuronal defects and delayed 
wound hcalm* in mice lucking fibroblast growlh factor 2. P«c 
Nad Acad Sci USA 1998; 95; S672r-77. . . . 

Reed MJ, Corsa A. Fcndergrais W ctal. Neovaflculan«»uon m 
aged mice: delayed ar.gioB«icsis is coincident wilh decreased levels 
or uansrorming growlh factor fc*la-l and iypc I coihgen. Am J 
Pulhol 1998: 15* 113-23. 

Riwd A, SUver M, Chen D ct al. Rescue of djabctes-rehnefl 
impJifmeQi of artfiiogeiiesis by intrdmoscnlar gene therapy with 
adeno-VF-GF. Am J Pathol 1999; 154: 355-^3. 
Swift ME, Kleinman I-lK. T DiPieLrO LA. Impaired wound repair 
and delayed angiogenesis in aged mice. Lab Invest 1999; 79: 1479- 

Lce PC, Salyiipongse AN, Bragdon GA ct hL Impaired wound 
healimj and anfiioscnesia in iNOS-defieicni mice. Am ) Physiol 
1999; r\li H160U-08. 



22. 



23. 



24. 



25 



PAGE 1 15/1 19 * RCVD AT 2/6/2006 11:03:24 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/26 * DNIS:2738300 * CSID:4048156555 « DURATION (mm-ss):5546 



02/06/06 23:51 FAX 4048156555 



KS ATLANTA 



Sue 



70 

26. Frank S. HubnCr O, Breicr G ct al. Regulation Of vascular 
endothelial growth Factor expression in cultured keratin Dcyles. 
Implications for normal and impaired wound healing. J Biol Chcm 
J995: 270: 12607-13. 

27. Polverinx PJ. The pathophysiology d! autogenesis. Rev Oral Biol 
Med 1995; 6(3): 230-47. 

28. Sundcll HW. Ytui H-P, Wamil BD el al Isolation and idcnlihca- 
Uon Of a g*0up b /F-hemolylic streptococcal toxin from septic 
infanta. J Pediatr 2000; 137: 33&-44. 

29. Hellerqvisr CG, Rojas J, Green RS et al. Studies on Croup B 
/}-hcmolyuc strtptoooccus. I. Isolation and partial characterization 
of an extracellular toxin, Pediatr Res 1981; 15; 692-98. 

30. Fu C, Ccmcanu ND, Bardbun S ct al. ldcniincadon and 
characterization or HP59: A unique palhoangiogenic marker 
targeted by CM101. AACR Annual Meeting (2000). 

31. Yurt H-P, Carter CE. Wang £ cl a). Functional a todies on the nnli- 
palhounjflOe*rtic properties of CMlOl . A Ovogenesis I99S; 2: 219- 
33. 

32. Wmnil BD, Thurman GB, Sundcll HW ct al. Soluble c-selccun 
in cancer palienLs as u marker of the therapeutic efficacy of 
CM101, a tumor-inhibiting Bnli-ncovaSLulifwaiioo agent, evalu- 
ated in phase I clinical trial. J Cancer Res Clin Oncol 1997; 123: 
173-79. 

33. DeVorc RF, Hcllerqvisi CG, Wakefield GB ct al. Phase T study of 
theanlineovasculariaation drug CM10I- Clinical Can Res [997; 3: 
365-72. 

34. Quinn TE, Thurman GB, Sundcll A-K ctaL CM101. a polysac 
charidc anli-lumC Agent, docs not inhibit wound healing in 
murine mo deb. J do Res Clin Oncol 1995; 121; 233-56. 

35. Abramovi cch R, FrcnkicJ D. Mcir G ex al. Mapping neovascoUir- 
ization and anli-neovajcularizadon therapy; Co««]auon between 
NMR and light microscopy. I'rocccdings or the 5th Conf«r«ncc of 
the International Society of Magnetic R«o nance in Medicine 
(ISMRM) 1997,490 pp. 

36. Hcllerqvisi CG, Nccman M, Wamil BD, Abrajnovitch R. Facil- 
iUlion of wound healing with CMI01/GBS touua. 1999; U.S. 
5,858.991; see web sitci http://www.ospto.gov/. 



Nanney et &L 

37. Vetvkkn V, Thornton BP. Ross GD. Soluble bela-glucan poly- 
saccharide binding to the lectin site of neutrophil or natural killer 
cell complement receptor type 3 (CD lib/CD 18) generates a 
primed state of the receptor ttpablc of mediating cytotoxicity of 
iC3b-opSOni2ed target cells. J Clin Invesv 1996; 9fi: 50-61. 

38. SchafTer CJ, Reinisch L, Pol is SL ct al. Comparisons of wound 
healing among occasional, liiser-creiLied, arid standard ihnrrauJ 
burns in porcine wounds of equal depth. Wound Repair Regcn 
1997;5:52-61. 

39. Nanney LB. £pid«m»] and dermal effects of epidermal growth 
factor during porcine wound repair. J Invest Dermatol 1990; 94: 
624-29. 

40- Nanney LB, Paulsen S, Davidson M ct al. Boasting of HGF 
rsceptorsa by gene gun stimulate* epidermal growth m viro. 
Wound Repair Re$en 2000; B - 1 17-27. 

41. Hcllcrqvist CG, Thunniin GB, Page DL ct al. Aari-lumOr crTccts 
of GBS toxin: A polysaccharide tsiotnxin from group B b- 
hemolylic slnjpiococcus. Can Res Clin Oncol 1993; 120: 63-70. 

42. Fu C, Carter CE. Detection of circulating antigen in human 
schistose miosis japonica using monoclonal antibody. Am J Trop 
McdHyg 1990; 42: 347-351. 

43. Feng X, Clark RA, Galanakis D, Tonntscji MG. Fibrin and 
collagen differentially regulate human dermal microvascular en- 
dothelial cell imcfirins: Stabih'mtfon of alphav/bcta3 mRNA by 
Bbrin 1. J lnvcsl Dermatol I W; 113: 913-19. 

44. Jang YC, Arumugam S, Gibnm NS, Isik FF. Role of alphu(v) 
intcgrins and ungiog&nasis during wound repair. Wound Repair 
Regen 1999; 7: 375-80. 

45. Wamil AW, Wamil BD, Hcllerqvisi CG. CMlOl-mcdiated recov- 
ery of walking ability in aduh mice paralyzed by vpinal cord injury. 
Proc Natl Acad Sci USA 199& 9* I3ISB-93. 

46. Thurman GB, Russell BA, York GE et al. Effect* of GBS toxin on 
long-term survival of mice bearing transplanted Madison lung 
lumort. J Can Res Clin Oncol 199*; 100: 479-S4. 

47. Dvorak HK TumOrt: Wounds that do not heal. Similarities 
between tumor atroma generduon ;ipd wound healing. N Engl J 
Med 1986:315: 1650-59- 



PAGE 116/119* RCVD AT 2/6/2006 11:03:24 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-6/26 * DNIS:2738300 ■ CSID:4048156555 * DURATION (mm-ss):5546 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
£l FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



